1 CNG-lOODl 
COMBINATION IMMUNOGENE THERAPY 



CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation of U.S. application Serial No. 08/838,702, filed 
April 9, 1997, now abandoned. 

5 FIELD OF THE INVENTION 

The present invention relates to immunotherapy for the treatment of tumors. In 
particular the present invention provides combinations of immune-modulating proteins that 
induce systemic immunity against tumors and provides humanized animal models for 
inununogene therapy. 

10 BACKGROUND OF THE INVENTION 

Conventional treatment of cancer typically involves the use of chemotherapeutic 
agents. The father of chemotherapy, Paul Ehrlich, imagined the perfect chemotherapeutic 
as a "magic bullet;" such a compound would kill invading organisms without harming the 
host. This target specificity is sought in all types of chemotherapeutics, including anticancer 

15 agents. 

However, specificity has been the major problem with conventional anticancer 
agents. In the case of anticancer agents, the drug needs to distinguish between host cells that 
are cancerous and host cells that are not canceroiis. The vast majority of anticancer drugs are 
indiscriminate at this level. Typically anticancer agents have negative hematological affects 
20 (e.g., cessation of mitosis and disintegration of formed elements in marrow and lymphoid 

tissues) and immunosuppressive action as well as a severe impact on epithelial tissues (e.g., 
intestinal mucosa), reproductive tissues and the nervous system [Calabresi and Chabner, In: 
Goodman and Oilman, The Pharmacological Basis of Therapeutics (Pergamon Press, 8th 
Edition) pp. 1209-1216]- 
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Success with chemotherapeutics as anticancer agents has also been hampered by the 
phenomenon of multiple drug resistance, resistance to a wide range of stracturally unrelated 
cytotoxic anticancer compounds [Gerlach et al (1986) Cancer Surveys 5:25]. In addition, 
certain cancers are non-responsive to known chemotherapeutics agents and patients with 

5 these cancers invariably die within a short period following diagnosis (e.g., glioblastoma 
multiforme, recurrent metastatic melanoma, breast, lung and pancreatic cancers). 

To address the drawbacks of chemotherapy for the treatment of cancer, immune 
system-based therapies or cancer immunotherapies have been developed. The goal of cancer 
immunotherapy is to hamess the patient's own immime system to recognize and attack 

10 tumors. The recognition and rejection of tumor cells requires the participation of T 
lymphocytes (T cells). 

T cells play a crucial role in a number of immime responses including the recognition 
of foreign antigens, destruction of virally infected cells and providing help to B cells to 
permit the production of antibodies that neutralize foreign antigens. In order for a T cell to 

15 recognize its target antigen, the antigen must be presented to the T cell by an antigen- 
presenting cell (APC) such as dendritic cells, macrophages, Langerhans cells and B cells. 
The APC presents the target antigen as part of a complex containing immune molecules 
termed major histocompatibility complex (MHC) in mice and human leukocyte antigens 
(HLA) in humans. Two classes of MHC molecules are known: MHC class I molecules 

20 which are expressed on all nucleated cells and MHC class n molecules which are expressed 
only on APCs. Class I molecules present endogenous protein fragments (not recognized as 
foreign) and viral antigens (recognized as foreign) while class n molecules present protein 
fragments derived from proteins that entered the cell by endocytosis or phagocytosis (z.e., 
proteins which are mainly derived from infectious agents such as parasites and bacteria). 

25 T cells recognize MHC-antigen complexes on APCs via their T cell receptor 

(TCR)/CD3 complex; the TCR complex together with the CD4 or CDS coreceptors bind to 
MHC class n or I, respectively. Occupancy of the TCR alone is not sufficient to active the 
T cell to respond; activation also requires antigen-independent signals provided by the 
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engagement of costimulatory molecules present on the surface of the T cell with their 
cognate ligands present on the surface of the APC. The costimulatory proteins serve to 
stabilize the interaction of the T cell with the APC and to transduce costimulatory signals 
that lead to the secretion of cytokines, proliferation of the T cell and induction of the T cell's 

5 effector function. Engagement of the TCR in the absence of costimulation results in anergy 

(/.e., nonresponsiveness) of the T cell [Schwartz (1992) Cell 7 1 : 1065; Liu and Linsley (1992) 
Curr. Opin. Immunol. 4:265; Allison (1994) Curr. Opin. Immunol. 6:414 and Linsley and 
Ledbetter (1993) Annu. Rev. Immunol. 11:191]. In addition to the requirement for 
costimulatory signals, T cells require growth factors (z.e., cytokines such as interleukin-2) 

10 in order to cause proliferation of antigen-reactive T cells. 

Several cell surface proteins have been identified as potential costimulatory 
molecules including LFA-3, ICAM-1 and members of the CD28/CTLA-4 family. The 
CD28/CTLA-4 family of proteins, present on the surface of T cell, has been shown to be an 
important costimulator required for interleukin-2 (IL-2) driven proliferation of T cells. The 

1 5 ligands for the CD28/CTLA-4 proteins are members of the B7 family (e.g., B7-1, B7-2 and 
B7-3). 

Cancer immunotherapy aims to induce tumor-specific T cell response that will be 
effective in the rejection of tumors. The notion that the immune system is naturally involved 
in identifying and suppressing tumors is supported by the fact that immunocompromised 

20 patients have an increased incidence of tumors [Frei et al (1993) Transplant. Proc. 25: 1394]. 

However, given the incidence of cancer, even in seemingly immunologically normal 
individuals, it is clear that the immune system fails to recognize and destroy all tumor cells. 
Indeed animal studies have shovra that the majority of tumors fail to provoke an immune 
response even when these tumors express potentially recognizable tumor-specific antigens 

25 [Boonef a/. (1994) Annu. Rev. hnmunol. 12:337 and Houghton (1994) J. Exp. Med. 180:1]. 

Several reasons for the lack of immunogenicity of tumor cells have been proposed including 
failure to express MHC class I molecules, downregulation of transporters for antigen 
processing and the lack of costimulatory molecules on tumor cells [Garrido et al (1993) 
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Immunol. Today 14:491; Restifo etal. 91993) J. Exp. Med. 177:265; Cromme etaL (1994) 
J. Exp. Med. 179:335; Chong et al (1996) Human Gene Ther. 7:1771]. 

In order to provide effective cancer immunotherapy, the art needs means to increase 
the immunogenicity of human tumors as well as animal models predictive of human anti- 
5 tumor immxme responses. 

SUMMARY 

The present invention provides novel humanized animal models that permit the 
identification of immime-modulating genes and combinations thereof useful for the treatment 
of human tumors. In addition, the present invention provides methods of treating subjects 

10 having a tumor with one or more immune-modulating genes and provides tumor cell 

vaccines comprising tumor cells modified to express immune-modulating genes. 

Accordingly, the present invention provides an immunodeficient mouse comprising 
human T lymphocytes expressing the CD45 antigen wherein at least 5% of the human T 
lymphocytes expressing the CD45 antigen represent immature naive T lymphocytes. The 

1 5 invention is not limited by the nature of the immunodeficient mouse strain employed. In a 

preferred embodiment, the immunodeficient mouse is a SCBD/beige mouse. 

In another preferred embodiment, the immunodeficient mouse comprising human T 
lymphocytes further comprising human tumor cells. The invention is not limited by the 
nature of the human tumor cells employed. The human tumor cells may be established tumor 

20 cells, primary tumors cells or tumor cells (established or primary) modified to express one 
or more immune-modulating genes, genes encoding cell cycle regulators and genes encoding 
inducers of apoptosis. 

In another embodiment, the present invention provides a SCID/beige mouse 
comprising human immune cells. The invention is not limited by the nature of the human 

25 inmiune cells, these cells may be human PBLs, splenocytes, cells isolated fi-om lymph nodes 
and/or peritoneal lavage. In a preferred embodiment, the SCID/beige mouse comprising 
human immune cells further comprising human tumor cells. The invention is not limited 
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by the nature of the human tumor cells employed. The human tumor cells may be established 
tumor cells, primary tumors cells or tumor cells (established or primary) modified to express 
one or more immime-modulating genes, genes encoding cell cycle regulators and genes 
encoding inducers of apoptosis. In a preferred embodiment, the tumor cells are derived fi-om 

5 central nervous system cells, most preferably glioblastoma cells. In another preferred 
embodiment, the tumor cells are malignant melanoma cells. 

The present invention fiirther provides a method comprising: a) providing: i) 
a SCID/beige mouse; ii) human tumor cells; iii) human peripheral blood 
lymphocytes; b) introducing a first dose of the tumor cells into said mouse; c) reconstituting 

10 the mouse containing said tumor cells with the lymphocytes; and d) monitoring the 
reconstituted mouse for the growth of the tumor cells. The invention is not limited by the 
nature of the human tumor cells employed. The human tumor cells may be established tumor 
cells, primary tumors cells or tumor cells (established or primary) modified to express one 
or more immune-modulating genes, genes encoding cell cycle regulators and genes encoding 

15 inducers of apoptosis. In a preferred embodiment, the tumor cells are derived firom central 
nervous system cells, most preferably glioblastoma cells. In another preferred embodiment, 
the tumor cells are malignant melanoma cells. 

In a preferred embodiment, the method further comprises identifying at least one 
immune modulating gene (or gene encoding a cell cycle regulator or inducer of apoptosis) 

20 whose expression prevents the growth of the introduced tumor cells in the reconstituted 
mouse. In another preferred embodiment, the method comprises, following the 
reconstitution, the additional step of vaccinating the reconstituted mouse with a second dose 
of tumor cells. In a preferred embodiment, the first dose of tumor cells comprises 
unmodified tumor cells and the second dose of tumor cells comprises irradiated tumor cells. 

25 In a particularly preferred embodiment, the irradiated tumor cells express at least one 
immune-modulatmg gene (or gene encoding a cell cycle regulator or inducer of apoptosis). 
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In one embodiment of the methods of the present invention, the tumor cells and the 
lymphocytes come from the same donor. In another embodiment, the tumor cells and the 
lymphocytes come from different donors. 

The present invention further provides a method comprising: a) providing: i) a 

5 SCID/beige mouse; ii) irradiated and unirradiated human tumor cells; iii) human peripheral 

blood lymphocytes; b) reconstituting said mouse with the lymphocytes; c) vaccinating the 
mouse with the irradiated tumor cells; d) introducing the unirradiated tumor cells into the 
vaccinated mouse; and e) monitoring the vaccinated mouse for the growth of the unirradiated 
tumor cells. The invention is not limited by the nature of the irradiated tumor cells. The 

10 irradiated tumor cells may be established tumor cells, primary tumors cells or tumor cells 
(established or primary) modified to express one or more immune-modulating genes, genes 
encoding cell cycle regulators and genes encoding inducers of apoptosis. In a preferred 
embodiment, the irradiated and modified tumor cells are derived from central nervous system 
cells, most preferably glioblastoma cells. In another preferred embodiment, the irradiated 

1 5 and modified tumor cells are malignant melanoma cells. 

In a preferred embodiment, the method further comprises identifying at least one 
immune modulating gene (or gene encoding a cell cycle regulator or inducer of apoptosis) 
whose expression prevents the growth of said unirradiated tumor cells in said vaccinated 
mouse. 

20 The present invention also provides a tumor cell vaccine comprising a tumor cell 

expressing B7-2 and at least one additional immune modulator or a cell cycle regulator or 
inducer of apoptosis. The vaccines of the present invention are not limited by the nature of 
the immune modulator or a cell cycle regulator or inducer of apoptosis employed. In a 
preferred embodiment, the additional immune modulator is a cytokine. The invention is not 

25 limited by the nature of the cytokine employed. In a preferred embodiment, the cytokine is 
selected from the group consisting of interleukin 2, interieukin 4, interieukin 6, interleukin 
7, interieukin 12, granulocyte-macrophage colony stimulating factor, granulocyte colony 
stimulating factor, interferon-gamma, tumor necrosis factor-alpha. 
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The present invention provides a method of treating a tumor comprising: a) 
providing: i) a subject having a tumor of the central nervous system; ii) an expression vector 
encoding the human B7-2 protein and at least one additional inmiune modulator or a cell 
cycle regulator or inducer of apoptosis; b) transferring the expression vector into the tumor 

5 under conditions such that the B7-2 protein and the immune-modulator (and/or a cell cycle 
regulator or inducer of apoptosis) are expressed by at least a portion of the tumor. In a 
preferred embodiment, the method further comprises, prior to transfer of the expression 
vector, the step of removing at least a portion of the tumor from the subject and following 
the transfer of said expression vector, irradiating the tumor cells expressing the B7-2 protein 

10 and the immune-modulator (and/or a cell cycle regulator or inducer of apoptosis) and 
introducing the irradiated tumor cells back into the subject to create an immimized subject. 
In another embodiment, the method further comprises introducing at least one additional 
dose of irradiated tumor cells expressing the B7-2 protein and the immune-modulator (and/or 
a cell cycle regulator or inducer of apoptosis) into the immimized subject. 

1 5 DESCRIPTION OF THE DRAWINGS 

Figure 1 provides a schematic showing the pLSN, pLSNB70, pLSNGMl, pLSN-BG9 
and pLSN-GFP retroviral constructs. 

Figures 2A-E provide flow cytometry histograms for wild type D54MG cells (2A), 
B7-2-transduced D54MG cells (2B), GM-CSF-transduced D54MG cells (2C), B7-2 and GM- 

20 CSF-transduced D54MG cells (2D), and GFP-transduced D54MG cells (2E). For Figs. 2A- 
2D, the histograms on the left represent D54MG cells stained with isotype matched control 
antibodies while the histograms on the right represent staining with monoclonal anti-human 
B7-2 antibodies. For Fig. 2E, the histogram on the left represents unstained wild type 
D54MG cells while the histogram on the right represents unstained GFP-transduced D54MG. 

25 Figures 3 A and 3B show the inhibition of growth of B7-2-transduced D54MG cells 

compared to unmodified D54MG cells in Hu-PBL-SCID/bg mice. In Fig. 3A, all mice were 
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reconstituted with PBLs while in Fig. 3B half the mice from both groups were left unreconstituted. 

Figures 4A and 4B show the inhibition of growth of GM-CSF-transduced D54MG 
cells compared to unmodified D54MG cells in Hu-PBL-SCID/bg mice. Figures 4A and 4B 
represent data from two separate experiments. 
5 Figures 5 A and 5B show the inhibition of unmodified D54MG cell challenges in Hu- 

PBL-SCID/nod mice (5A) and Hu-PBL-SCID/bg mice (5B) vaccinated with irradiated 
D54MG-B7-2/GM-CSF cells. 

DEFINITIONS 

To facilitate understanding of the invention, a number of terms are defined below. 

10 As used herein, "immunodeficient mouse" refers to a mouse or mouse strain which 

is deficient in immune system ftinction, including at least a deficiency in function or presence 
of mature B and T lymphocytes. Examples of immimodeficient mouse strains include, but 
are not limited to the C.B-17-SCID-nod, C.B-17scid/scid and C.B-17-SCID-beige strains. 
Particularly preferred immunodeficient mice have a severe combined immunodeficiency 

15 characterized by a lack of mature T, B and natural killer (NK) lymphocytes (e.g., the C.B-17- 
SCID-beige mouse strain). 

As used herein, "human T lymphocytes" refers to T lymphocytes of human origin. 
When present in a mouse reconstituted with human blood cells, the human T lymphocytes 
may be obtained from a variety of sources in the reconstituted mouse including blood (i.e., 

20 peripheral blood lymphocytes or PBLs), lymph nodes, spleen, peritoneal lavage, etc. 

Human T lymphocytes are identified by the presence of certain markers or cell 
surface proteins including CDS, CD4, CDS, T cell antigen receptor (TCR) and CD45. The 
presence of these markers on a lymphocyte may be determined by standard 
immunocytological means such as incubation (or staining) of a cell suspension containing 

25 lymphocytes with antibodies specific for these markers; the antibodies may be directly 
labelled (e.g. with a fluorophore such as fluorescein, phycoerythrin, Texas Red, etc.) or the 
presence of the antibody bound to the surface of a lymphocyte may be detected using a 
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secondary antibody {i.e., an antibody directed at the first antibody or a component thereof) 
that is labelled. The stained lymphocytes may then be analyzed using a fluorescence 
microscope or a FACS (fluorescence-activated cell sorter) analysis. "Mature human T 
lymphocytes" express either CD4 or CDS, CDS and a TCR. "Inmiature human T 

5 lymphocytes" express both CD4 and CDS (Le,, they are CD4+S+); these cells are also 
referred to as progenitor T cells, "hnmature naive human T lymphocytes" are immature T 
lymphocytes that have not been activated (i.e., they have not engaged antigen specific for 
their TCR or been stimulated by a nonspecific mitogen) and are said to be naive. "Immature 
naive T lymphocytes" includes CD4+8+ T cells as well as CD45RA+ T cells. 

10 A mouse comprising CD45-H T lymphocytes wherein at least 5% of the human 

CD45+ T cells represent immature naive T lymphocytes is a mouse in which 5% or more of 
the CD45+ T cells are either CD4+8+ or CD45RA+ or the sum of the % of CD45+ T cells 
that are CD4+8+ and CD45RA+ is at least 5%. 

CD45 proteins are found on the surface all hematopoietic cells, except for 

15 erythrocytes [The Leukocyte Antigen Facts Book, Barclay et al (1993), Academic Press, 
London, UK, pp.202-204]. Different isoforms of CD45 are found on different lymphoid cell 
types; CD45RO is found on activated and memory T cells, whereas CD45RA is found on 
naive T cells. 

The term "SCID/beige mouse" refers to the C.B-17-SCID-beige mouse strain. The 
20 terms SCID/beige, SCID-beige and SCID/bg are used interchangeably herein. 

The term "human tumor cells" refers to tumor cells of hxmian origin; a tumor cell is 
a neoplastic or cancerous cell. Tumor cells may be "established tumor cells," i.e., those 
which can be maintained indefinitely in tissue culture or may be "primary tumor cells," i.e., 
tumor cells fi-eshly isolated or explanted fi-om a patient. The term "primary tumor cells" 
25 encompasses primary tumor cells maintained in tissue culture for less than or equal to 5 
passages. 

The term "human immune cell" refers to cells of the immune system (eg., T, B and 
NK lymphocytes, antigen presenting cells) that are of human origin. 
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The term "human peripheral blood lymphocytes" refers to nucleated, non-erythroid 
cells derived from the blood of a human. The terms peripheral blood lymphocytes (PBLs) 
and peripheral blood mononuclear cells (PBMCs) are used herein interchangeably. 

The term "central nervous system cells" refers to cells derived from the central 
5 nervous system (i.e., cells derived from the brain and spinal cord). 

A mouse "reconstituted with human peripheral blood lymphocytes" is a mouse in 
which human PBLs have been introduced {e.g., by intraperitoneal injection) and persist for 
a period of at least 4 weeks. 

An "inmmne-modulating gene" is a gene encoding a protein that modulates the 
10 immune response. Examples of immune-modulating genes include but are not limited to 
cytokines, costimulatory molecule and chemotactins. The product of an immune-modulating 
gene is said to be an "immxme modulator." 

A "cytokine" is a hormone-like protein, typically of low molecular weight, that 
regulates the intensity and duration of the immune response and is involved in cell to cell 
1 5 commimication. Examples of cytokines include but are not limited to the interleukins {e.g. , 
interleukin 2, interleukin 4, interleukin 6, interleukin 7, interleukin 12), granulocyte- 
macrophage colony stimulating factor, granulocyte colony stimulating factor, interferon- 
gamma (IFN-y) and tumor necrosis factor-alpha (TNF-a). 

The term "cell cycle regulator" refers to any protein whose activity modulates 
20 progression of the cell cycle. Particularly preferred cell cycle regulators are those that block 
cell cycle progression. Examples include but are not limited to the HIV vpr gene product, 
p21, inhibitors of mammalian cyclins, etc. 

The term "inducer of apoptosis" refers to any protein whose activity induces 
apoptosis m a cell. Inducers of apoptosis include but are not limited to apoptin (the product 
25 of the chicken anemia vims VP3 gene), BAX, BAD, a BCL-X derivative and the HIV vpr 
gene product. 

The term "expression vector" as used herein refers to a recombinant DNA molecule 
containing a desired coding sequence and appropriate nucleic acid sequences necessary for 
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the expression of the operably linked coding sequence in a particular host organism. Nucleic 
acid sequences necessary for expression in prokaryotes include a promoter, optionally an 
operator sequence, a ribosome binding site and possibly other sequences. Eukaryotic cells 
are known to utilize promoters, enhancers, and termination and polyadenylation signals. 
5 Transcriptional control signals in eucaryotes comprise "promoter" and "enhancer" 

elements. Promoters and enhancers consist of short arrays of DNA sequences that interact 
specifically with cellular proteins involved in transcription [Maniatis, et al. Science 
236:1237 (1987)]. Promoter and enhancer elements have been isolated firom a variety of 
eukaryotic sources including genes in yeast, insect and manraialian cells and viruses 
10 (analogous control elements, i.e., promoters, are also found in prokaryotes). The selection 
of a particular promoter and enhancer depends on what cell type is to be used to express the 
protein of interest. Some eukaryotic promoters and enhancers have a broad host range while 
others are functional in a limited subset of cell types [for review see Voss, et al. Trends 
Biochem. Sci., 1 1 :287 (1986) and Maniatis, et al., supra (1987)]. For example, the SV40 
15 early gene enhancer is very active in a wide variety of cell types from many mammalian 
species and has been widely used, for the expression of proteins in mammalian cells 
[Dijkema, et al, EMBO J. 4:761 (1985)]. Two other examples of promoter/enhancer 
elements active in a broad range of mammalian cell types are those from the human 
elongation factor la gene [Uetsuki et al, J. Biol. Chem., 264:5791 (1989); Kim et al. Gene 
20 91 :217 (1990); and Mizushima and Nagata, Nuc. Acids. Res., 18:5322 (1990)] and the long 
terminal repeats of the Rous sarcoma virus [Gorman et al, Proc. Natl. Acad. Sci. USA 
79:6777 (1982)] and the human cytomegalovirus [Boshart et al. Cell 41:521 (1985)]. 

The term "promoter/enhancer" denotes a segment of DNA which contains sequences 
capable of providing both promoter and enhancer functions (for example, the long terminal 
25 repeats of retrovimses contain both promoter and enhancer fimctions). The 
enhancer/promoter may be "endogenous" or "exogenous" or "heterologous." An endogenous 
enhancer/promoter is one which is naturally linked with a given gene in the genome. An 
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exogenous (heterologous) enhancer/promoter is one which is placed in juxtaposition to a 
gene by means of genetic manipulation (i.e., molecular biological techniques). 

The presence of "splicing signals" on an expression vector often results in higher 
levels of expression of the recombinant transcript. Splicing signals mediate the removal of 
5 introns from the primary RNA transcript and consist of a splice donor and acceptor site 
[Sambrook et al. Molecular Cloning: A Laboratory Manual, 2nd ed.. Cold Spring Harbor 
Laboratory Press, New York (1989) pp. 16.7-16.8]. A commonly used splice donor and 
acceptor site is the splice junction from the 1 6S RNA of SV40. 

Efficient expression of recombinant DNA sequences in eukaryotic cells requires 
10 signals directing the efficient termination and polyadenylation of the resulting transcript. 

Transcription termination signals are generally found downstream of the polyadenylation 
signal and are a few hundred nucleotides in length. The term "poly A site" or "poly A 
sequence" as used herein denotes a DNA sequence which directs both the termination and 
polyadenylation of the nascent RNA transcript. Efficient polyadenylation of the recombinant 
15 transcript is desirable as transcripts lacking a poly A tail are unstable and are rapidly 
degraded. The poly A signal utilized in an expression vector may be "heterologous" or 
"endogenous." An endogenous poly A signal is one that is found naturally at the 3' end of 
the coding region of a given gene m the genome. A heterologous poly A signal is one which 
is isolated from one gene and placed 3* of another gene. A commonly used heterologous poly 
20 A signal is the SV40 poly A signal. The SV40 poly A signal is contained on a 237 bp 
BammiBcli restriction fragment and directs both termination and polyadenylation 
[Sambrook, supra, at 16.6-16.7]. This 237 bp fragment is contained within a 671 bp 
BflmHI/P5rt restriction fragment. 

The term "stable transfection" or "stably transfected" refers to the introduction and 
25 integration of foreign DNA into the genome of the transfected cell. The term "stable 
transfectant" refers to a cell which has stably integrated foreign DNA into the genomic DNA. 

The term "stable transfection" or "stably transfected" refers to the introduction and 
integration of foreign DNA into the genome of the transfected cell. The term "stable 



SASH-APPS\CNC-IOODI.wpd/DNB/5l 



13 CNG-lOODl 

transfectant" refers to a cell which has stably integrated foreign or exogenous DNA into the 
genomic DNA of the transfected cell. 

The terms "selectable marker" or "selectable gene product" as used herein refer to the 
use of a gene which encodes an enzymatic activity that confers resistance to an antibiotic or 

5 drug upon the cell in which the selectable marker is expressed. Selectable markers may be 

"dominant"; a dominant selectable marker encodes an enzymatic activity which can be 
detected in any mammalian cell line. Examples of dominant selectable markers include the 
bacterial aminoglycoside 3* phosphotransferase gene (also referred to as the neo gene) which 
confers resistance to the drug G418 in mammalian cells, the bacterial hygromycin G 

10 phosphotransferase (hyg) gene which confers resistance to the antibiotic hygromycin and the 
bacterial xanthine-guanine phosphoribosyl transferase gene (also referred to as the gpt gene) 
which confers the ability to grow in the presence of mycophenolic acid. Other selectable 
markers are not dominant in that their use must be in conjunction with a cell line that lacks 
the relevant enzyme activity. Examples of non-dominant selectable markers include the 

15 thymidine kinase {tk) gene which is used in conjunction with TK" cell lines, the carbamoyl- 

phosphate synthetase-aspartate transcarbamoylase-dihydroorotase (CAD) gene which is used 
in conjunction with CAD-deficient cells and the mammaUan hypoxanthine-guanine 
phosphoribosyl transferase (hprt) gene which is used in conjunction with HPRT" cell lines. 
A review of the use of selectable markers in mammalian cell lines is provided in Sambrook 

20 et al, supra at pp. 16.9-16. 15. It is noted that some selectable markers can be amplified and 
therefore can be used as amplifiable markers (e.g., the CAD gene). 
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DESCRIPTION OF THE INVENTION 

The present invention provides humanized animal models suitable for the evaluation 
of anti-human tumor immunity. These animal models permit the identification of 
combinations of immune-modulating genes (IMGs) which when delivered to human tumor 
5 cells induce an effective anti-tumor response, including a systemic anti-tumor response. The 

Description of the Invention is divided into the following sections: L Immimogene Therapy; 
n. Existing Animal Models For Immunogene Therapy; DI. The Hu-SCID/beige Model For 
Immunotherapy; and IV. Combination Immunogene Therapy. 

1. Immunogene Therapy 

10 Immunogene therapy involves the introduction of genes encoding proteins that 

regulate or modulate the immune response and particularly those that are involved with the 
activation of T cells. As discussed above, the majority of tumors are not immunogenic, i.e., 
they fail to provoke an immune response. Several reasons for the lack of immunogenicity 
of tumor cells have been proposed including the lack of cell surface molecules on the tumor 

15 cell that are required to transduce costimulatory signals that are required in order for T cells 

to secrete cytokines, proliferate, induce effector function and prevent anergy. As most tumor 
cells are not derived from professional APCs which normally present antigen and provide 
costimulatory signals to T cells, it is not surprising that the majority of tumor cells fail to 
induce a tumor-specific response even when the tumor cell bears a tumor-specific antigen. 

20 In an attempt to increase the immunogenicity of tumor cells, genes encoding co- 

stimulatory proteins and/or cytokines have been introduced into tumor cells. The modified 
tumor cells are then examined for their ability to induce an anti-tumor response {in vivo or 
in vitro). As discussed below, these experiments have been carried out in animal models 
{e.g., in mice and rats) and the results have been conflicting leading some in the field to 

25 question the utility of existing animal models for the development of inmiunogene therapy 

protocols aimed at the treatment of humans. 
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II. Existing Animal Models For Immunogene Therapy 

The majority of the existing animal models for immimogene therapy involve the use 
of immunocompetent syngeneic animals {e.g., mice and rats) and established tumor cell 
lines. Typically, one immunogene (e.g., mouse IL-2) is introduced into an established mouse 
5 tumor cell line, the tumor cells are selected in culture to identify cells expressing the 
transferred immunogene and the modified tumor cells are injected into recipient mice and 
the mice are examined for the presence of tumors. In some experiment, the mice receive 
irradiated modified tumor cells as a vaccine followed by a challenge with unmodified tumor 
cells (vaccination/challenge experiment). In some cases, tiie expression of certain 
10 immunogenes has been shown to increase the immunogenicity of the tumor cell to 
reduce the tumorigenicity of the tumor cell). An experimentally induced animal ttimor is 
said to be immunogenic if the tumor is rejected following transplantation into syngeneic 
animals previously immunized or vaccinated with irradiated cells of the same tumor. 
Nonimmunogenic tvimors are not rejected under these conditions. 
1 5 Overall the results of these syngeneic animal experiments have been conflicting. For 

example, the expression of the costimulatory molecule B7- 1 in the mouse melanoma cell line 
B-16 was found to lead to the rejection of B7-1 expressing B-16 cells in syngeneic mice in 
one study [Wu et al. (1995) J. Exp. Med. 182:1415] while in another study B7-1 -expressing 
B-16 cells were found to be tumorigenic [Chen et al. (1994) J. Exp. Med. 179:523]. In the 
20 case where B7-1 expression was found to increase the immunogenicity of B-16 cells, the 
authors reported that animals that rejected the modified B-16 cells did not develop an 
enhanced systemic immunity against unmodified or wild type B-16 cells [Wu et al., supra]. 
In another study, the expression of B7-1 or B-72 in mouse colorectal tumor or melanoma 
cells was found to confer a local anti-tumor response in inraiunocompetent mice [Chong et 
25 al. (1996) Human Gene Ther. 7:1771]. However, no systemic inununity was conferred by 
vaccination of mice with B7-1 or B7-2 expressing colorectal tumor cells and the expression 
of B7-1 or B7-2 in the melanoma cells was found to igduss the systemic immunity conferred 
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by the B7-expressing cells relative to that conferred by vaccination with wild type melanoma 
cells even when the B7-expressing cells also expressed interferon-y (Chong et aL, supra). 

It has been reported that the rejection of B7-1 expressing tumor cell lines is limited 
to highly immunogenic cell lines as 37- 1 expression in poorly immunogenic fibrosarcomas 
5 (e.g., MAClOl, MCA102 and Agl04) and the B-16 melanoma cell line does not reduce the 
tumorigenicity of these lines. As discussed above, expression of B7-1 in the B-16 melanoma 
cell line was found by one group to reduce the tumorigenicity of these cells (Wu et al, 
supra). This discrepancy may be explained by differences in the level of B7-1 expression 
achieved by different groups. However, tumor cells expressing only B7-1 have been foimd 

10 to be ineffective in inducing the rejection of established tumors: 

The failure of B7-1 alone to induce the rejection of established tumors was postulated 
to be due to the induction of a state of anergy in potentially reactive T cells. Therefore, 
combinations of B7-1 and cytokines were tested to see if this state of anergy could be 
overcome. Combinations of costimulatory molecules and various growth factors or 

1 5 cytokines has proven to be more effective than the use of either category of molecules alone. 

For example, the expression of B7-1 in the mouse NC adenocarcinoma cell line was foimd 
to have no effect on the tumorigenicity of these cells in immunocompetent syngeneic mice 
[Gaken et al (1997) Human Gene Ther. 8:477]. However, the expression of both B7-1 and 
IL-2 in the NC adenocarcinoma cell line substantially reduced the tumorigenicity of these 

20 cells in mice. 

While existing animal models have demonstrated that in general a combination of 
costimulatory molecules and a cytokine and/or a chemokine is preferable to the use of any 
one of these groups alone, the data from different groups using combinations of these 
molecules is conflicting. For example, Dilloo et al reported that mice immunized with A20 

25 B cell lymphoma cells mixed with IL-2 and the chemokine lymphotactin developed a potent 
anti-tumor response while mice immunized with B cell lymphoma cells mixed with GM-CSF 
developed a much reduced anti-tumor response [Dilloo et al (1996) Nature Med. 2:1090]. 
On the other hand Levitsky et al, reported that vaccination of mice with GM-CSF- 
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expressing A20 B lymphoma cells lead to a complete rejection of pre-established A20 tumors 
while vaccination with either Il-2-expressing or B7-1 -expressing A20 cells did not [Levitsky 
et al (1996) J. Imunol. 156:3858]. This apparent conflict lead Dilloo and Brenner to remark 
that "it [is] difficult to be confident that current murine models can be used to pick the "best" 
5 cytokine for a particular human tumor." [Nature Med. (1997) 3:126]. Clearly the art needs 
improved models for determining which cytokines, costimulatory molecules and/or 
chemotactins, or which combination thereof is best suited for the treatment of particular 
human tumors. 

HI. The Hu-PBL-SCID/beige Model For Immunotherapy 

10 The present invention provides novel humanized animal models for human 

immunogene therapy. As discussed above, most preclinical immunogene therapy studies 
have employed murine genes and murine tumor models. The applicability of such models 
to humans systems is unclear. Therefore, a humanized mouse model utilizing human tumor 
cells (either established cell lines or primary tumor cells), human inunimogenes and human 

15 lymphocytes was developed and is provided herein. 

The C.B-17 SCID/beige (SCID/bg) mouse, an immunocompromised mouse, was 
employed for the humanized mouse model as this strain of mice lacks T cell, B cell and 
natural killer (NK) cell function [Froidevaux and Loor (1991) J. Immunol. Methods 
137:275]. As shown herein, the SClD/bg mouse supports the growth of a variety of 

20 established human tumor cell lines as well as primary human tumor cells. SCID/bg mice 
were efficiently reconstimted with human peripheral blood lymphocytes (PBLs) with CD45+ 
human cells constituting up to 60% of the splenocytes and 2-7% of the peripheral blood 
mononuclear cells in the reconstituted mice. 

hnportantly, the peripheral blood of the Hu-PBL-SCID/bg mice were found to contain 

25 high numbers of immature or progenitor T cells {i.e., CD4+8+ cells and CD45RA+ cells). 

These results are in contrast to the results obtained by reconstitution of C.B-17scid/scid mice 
(Hu-PBL-SCID). hi human PBL-reconstimted C.B-17 scid/scid mice, most human 
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lymphocytes exhibit activated cell phenotypes (HLA-DR+ and CD25+ or CD69+) soon after 
reconstitution, and almost all (>99%) human T cells exhibit mature memory phenotypes 
(CD45RO+) in a state of reversible anergy [Rizza et al. (1996) J. Virol. 70:7958; Tany- 
Lehmann and Saxon (1992) J. Exp. Med. 175:503; Tarry-Lehmann et al (1995) Immunol. 
5 Today 16:529]. Therefore, the lack of sufficient numbers of immature naive T cells after 
reconstitution renders the Hu-PBL-SCID model unsuitable for the evaluation of anti-tumor 
immunity. In contrast, the Hu-PBL-SCID/bg mice show evident levels of CD45RA+ and 
CD4+8+ cells 4-6 weeks after reconstitution. Thus, the Hu-PBL-SCID/bg mice of the 
present invention provide a suitable model for the evaluation of anti-tumor immunity. 
10 The use of the Hu-PBL-SCID/bg mice as a model for human immunogene therapy 

is illustrated herein for the identification of a combination of immune-modulating genes 
(IMGs) effective in the treatment of human glioblastoma multiforme. 

Glioblastoma multiforme is the most common primary central nervous system 
neoplasm in humans. Despite improvements in diagnosis and treatment of glioblastoma 
1 5 multifonne, mean survival from time of diagnosis remains less than one year [Chang et al . 

(1983) Cancer 52:997; McDonald and Rosenblum (1994) In: Principles of Neurosurgery, 
Regachary and Wilkins, eds., Wolfe Publishing, Toronto, pp. 26.21-26.32]. 

Although glioblastomas in situ are normally infiltrated to varying degrees by 
lymphocytes [Kuppner et al. (1989) J. Neurosurgery 71:211; Black et al. (1992) J. 
20 Neurosurgery 77: 1 20], evidence indicates these lymphocytes are unactivated. This may be 
in part due to secretion of immunosuppressive factors such as prostaglandin Ej, transforming 
growth factor p2, and interleukin-10, all of which inhibit lymphocyte activation [Fontana et 
al. (1982) J. Immunol. 129:2413; Siepl etal. (1988) Eur. J. Immunol. 18:593; Kuppner et 
al. supra; Sawamura et al (1990) J. Neuro-Oncol. 9: 125; Nitta et al (1994) Brain Res. 
25 649: 122; Huettoer et al (1995) Am. J. Pathol. 146:3 17]. Immunogene therapy strategies 
were designed to overcome such local immunosuppression by promoting tumor antigen 
presentation and/or anti-tumor lymphocyte activation. 
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As discussed above, most preclinical immunogene therapy studies have used rodent 
genes and rodent tumor models. However, the applicability of such models to human 
systems is unclear. This is particularly true for glioblastoma models utilizing rodent tumors 
(rat 9L-glioma and C6-glioma) which have sarcomatous features that are significantly 

5 different from human glioblastoma multiforme [Benda et al ( 1 968) Science 1 6 1 : 370; Barker 

et ai (1973) Cancer Res. 33:976; Day and Bigner (1973) Cancer Res. 33:2362]. Therefore, 
the present invention provides a novel humanized mouse model utilizing a human 
glioblastoma cell line, human immunogenes and human lymphocytes. 

Using retroviral vectors, genes encoding hxunan GM-CSF and/or B7-2 were 

10 efficiently transferred in vitro into a human glioblastoma cell line. Thereafter, the effect of 
GM-CSF and/or B7-2 expression on glioblastoma growth in vivo was examined in a human 
tumor/human PBL /severe combined immunodeficiency mouse (hu-PBL-SCID) model. 
Human glioblastoma cells (with or without therapeutic gene transfer) and human PBLs were 
grafted into SCID/bg or SCID/nod mice and the effect on tumor growth locally and at distant 

1 5 sites was observed. SCDD/bg and SCID/nod mice accept human tumor and lymphocyte grafts 
without rejection as they lack mature T, B, and NK lymphocytes. 

As shown herein, inhibition of GM-CSF and B7-2-transduced tumors was seen in 
human lymphocyte-reconstituted SCID/bg mice demonstrating that expression of these genes 
by glioblastoma cells overcomes local immunosuppression and results in a significant 

20 antitumor immune response. Furthermore, inhibition of wild type challenge growth in mice 
vaccinated with irradiated tumor cells transduced with B7-2 and GM-CSF demonstrated that 
expression of these genes by glioblastoma cells induced a systemic immune response that 
inhibits tumor growth at distant sites. These results provide the first in vivo demonstration 
of human GM-CSF immunogene therapy in a human glioblastoma model. 

25 The human glioblastoma-Hu-PBL-SCDD/bg model employed herein represents an 

allogeneic system that comprises an established human glioblastoma cell line and 
lymphocytes from unrelated donors. This model has more similarities to autologous systems 
than may be immediately apparent. Unlike the classical immune-mediated rejection seen in 
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allogeneic organ transplantation, this system is free of graft-origin "passenger lymphocytes.'* 
These lymphocytes are important in initiating allogeneic organ rejection responses by 
presenting antigen to host lymphocytes in the context of allogeneic Class n Major 
Histocompatibility Complex (MHC) [LarsenetaL (1990) Annals Surgery 212:308; Chandler 

5 and Passaro (1993) Archives Surg. 128:279; Moller (1995) Transplantation Proc. 27:24]. 
The D54MG gUoblastoma cell line employed in this model expresses only Class I MHC and 
not Class II MHC in vitro. Therefore, the only Class n MHC molecules available for tumor 
antigen presentation in this model are those present on engrafted human PBLs. In other 
words, this model glioblastoma system is allogeneic for Class I MHC but autologous for 

10 Class II MHC. 

As described herein, the human tumor/Hu-PBL-SCID/bg model can be used as an 
autologous model system comprising human tumor cells and PBLs from the same patient. 
Such an autologous model is preferred to an allogeneic model system; however, for certain 
rapidly progressing tumors it may be difficult to obtain PBLs from the same patient once the 

1 5 patient's tumor has been established in the Hu-PBL-SCID mice. In these cases, an allogeneic 
model, using PBLs from a donor unrelated to the tumor donor is employed. 

The human tumor/Hu-PBL-SCID/bg model of the present invention provides a 
simple and powerfiil method to analyze human lymphocyte responses to human tumors in 
vivo and thus provides a means to determine which combination of IMGs are best suited for 

20 the treatment of specific tumors. 

IV. Combination Immunogene Therapy 

The human tumor/Hu-PBL-SCID/bg model of the present invention provides a 
simple and powerfiil method to determine which combination of IMGs or IMGs and/or cell 
cycle regulators, inducers of apoptosis and tumor suppressor genes (e.g., the wild type p53 
25 gene) are best suited for the treatment of specific tumors. 

Many immunomodulatory genes are potentially usefixl and more than one may be 
necessary for overcoming tumor immunosuppression. These include genes encoding 
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cytokines, major histocompatibility complex molecules, and T cell costimulatory molecules 
[Dranoff ai (1993) Proc. Natl. Acad, Sci. USA 90:3539; Gajewski et al (1995) J. 
Immunol. 154:5637]. An ideal tumor vaccine should coexpress a combination of 
immunostimulatory genes from distinct immunomodulatory pathways {e.g., costimulators, 

5 cytokines, and chemoattractive adjuvants) and may also express cell cycle regulators, 

inducers of apoptosis and tumor suppressor genes. 

In the illustrative example provided herein, a combination of the tiierapeutic cytokine 
granulocyte-macrophage colony stimulating factor (GM-CSF) and the T cell costimulatory 
molecule B7-2 was employed to increase the immunogenicity of a human glioblastoma cell 

10 line. 

GM-CSF stimulates growth and differentiation of granulocytes, 
monocytes/macrophages, microglia, and other antigen presenting cells. It has recently come 
into widespread clinical use as a treatment of neutropenia due to its hematopoietic effects 
[Lieshcke and Burgess (1992) N. Engl. J. Med. 327:28; Aglietta et al (1994) Seminars 

1 5 Oncol. 21:5; Engelhard and Brittinger (1994) Seminars Oncol. 21:1]. The importance of this 
cytokine in tumor immunogene therapy was recently demonstrated by Dranoff, et al who 
showed that vaccination with irradiated GM-CSF-transduced tumor cells produced specific 
and marked growth inhibition of wild type tumor challenges in mouse models of 
adenocarcinoma and melanoma [Dranoff et al, supra]. Of 10 cytokine genes tested, GM- 

20 CSF resulted in the greatest tumor growth inhibition in this mouse model. 

B7-2 is one of a family (B7-1, B7-2, and B7-3) of lymphocyte cell surface molecules 
that have recently been identified as costimulatory molecules necessary for T-cell activation 
in conjimction with antigen presentation in the context of a major histocompatibility complex 
molecule. The absence of costimulatory molecules on tumor cells may contribute to their 

25 failure to be detected and eliminated by the immime system [Galea-Lauri et al (1 996) Cancer 
Gene Ther. 3:202]. The specific roles of the various costimulatory molecules are yet to be 
clearly defined. It has been suggested that B7-1 expression promotes differentiation of 
intermediate Th cell precursors into ThI effector cells (cellular immune responses) while B7- 
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2 expression leads to Th2 differentiation (humoral immune responses) [Kawamura and Fume 
(1995) Eur. J. Immunol 25:1913; Thompson (1995) Cell 71:979]. However, both B7-1 and 
B7-2 have been shown to promote cell mediated immune responses in animal models [Hodge 
et al (1994) Cancer Res. 54:5552; Lanier et al (1995) J. Immunol 154:97; Plumas et al 
(1995) Eur. J. Immunol 25:3332]. More recently, the effectiveness of B7-1 expression in 
promoting tumor rejection has been questioned (Wu et al, supra). Furthermore, T cells must 
receive costimulatory signals from APCs within the first 12 hours of T cell receptor 



stimulation for maximal interleukirP2npfoduction [Mondino and Jenkins (1994) J. 
\ ^Leuckocyte Biol 55:805]. Therefore, the rapid induction of B7-2 (not B7-1) on APCs after 

10 \ antigen stimulation suggests that B7-2 is the preferable costimulatory molecule to promote 
I antitumor cell-mediated immune responses (Galea-Lauri et al, supra). 

Other IMGs to be examined for their effectiveness in treating human tumors in the 
novel animal models of the present invention include, but are not limited to, APO-1 (Fas), 
APO-1 ligand (FasL) [Hahne et al (1996) Science 274:1363; Seino et al (1997) Nature 

15 Med. 3:165; Strand et al (1996) Nature Med. 2:1361], IL-12A and IL-12B, IL-2, IL-4, IL-6, 
IL-7, IL-10, GM-CSF, G-CSF, IFN:Y, CD40 and TNF-a. In addition, genes encoding cell 
cycle regulators or inducers of apoptosis may be employed in combination with IMGs for the 
modification of tumor cells. Expression vectors, including retroviral vectors, containing one 
or more IMG (and/or cell cycle regulators or inducers of apoptosis) are constructed as 

20 described herein. When more than one IMG (or genes encoding cell cycle regulators or 
inducers of apoptosis) is to be contained on the same constmct, each IMG is preferably 
separated from the other(s) using an IRES as described herein. A particularly preferred IRES 
is the poliovirus IRES, 

Once an effective combination of IMGs has been identified for a particular human 

25 tumor, those IMGs are delivered to a patient's tumor cells in vivo or in vitro followed by a 

return of the modified tumor cells (typically the modified cells will be irradiated prior to 
introduction) to the patient. As described more fully in the examples below, a variety of 
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means may be employed for the delivery of EMGs to human tumor cells (e.g., biolistic 
transformation of tumor cells in situ, cationic liposomes, retroviral infection, etc.). 



a. Combination Immunogene Therapy For Glioblastoma Using B7-2 and 
GM-CSF 

5 As shown in the examples below, the human tumor/Hu-PBL-SCID/bg model of the 

present invention was employed to determine that tumor growth was markedly inhibited 
when these animals were vaccinated with glioblastoma cells transduced with genes encoding 
the T cell costimulatory molecule B7-2 and the proinflammatory cytokine GM-CSF. 

Treatment of patients having glioblastoma multiforme tumors is conducted as 

10 follows. One to three grams of tumor are harvested when patients originally present and 

undergo surgery. The tissue is harvested and treated as described in Ex. 11. Tumor cells are 
grown until sufficient numbers are present to allow retroviral gene transfer and selection. 

The primary tumor cells are transfected with pLSNBG9 (encodes both B7-2 and GM- 
CSF) and selected by growth in the presence of G418 as described below. Briefly, vinis 

15 stock is thawed from -80°C at Sl^'C, Polybrene is added to the thawed virus solution at a 

final concentration of 4 ^ig/ml. Culture medium is added to the vims solution to bring the 
final volume to 1.5 ml. Logarithmic growth phase tumor cells in T25 flasks are incubated 
in the virus supernatant at 37 °C, 5% COj for 3 hours. The same volume of medium 
containing polybrene but lacking viras is used as a control. After 3 hours, a further 3 ml of 

20 culture medium is added to each flask and the cells are incubated overnight. Medium is 
changed the next morning. Twenty-four hours after retroviral transduction, 200 |ig/ml (final 
concentration) of the neomycin analog G418 is added to the culture medium. Medium is 
changed every 2 to 3 days until complete selection has taken place (/.e., all cells in the 
control flask are dead). After selection, cells are cultured in growth medium containing 

25 reduced concentrations of G4 18 (100 |ig/ml) and are allowed to grow to confluence. 

Transduced tumor cells are split into a new T25 culture flask at a density of 1 x 10^ 
cells, the amount of GM-CSF secreted into the culture medium is determined by ELISA 
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(Quantikine, R&D Systems) 24 hr later. B7-2 expression is evaluated by flow cytometry 
using a monoclonal antibody specific for the human B70 antigen (i.e., B7-2). Aliquots of 
transduced cells to be used as vaccines are tested for the presence of bacteria, fungi, 
mycoplasma, HIV, Hepatitis B and Hepatitis C and replication-competent retrovirus (using 

5 the standard S+L- assay; Bassin et al. (1971) Nature 229:564). 

Tumor cells that have been transduced with GM-CSF and B7-2 genes, selected and 
expanded are cyropreserved for future use. Briefly, cells are aliquoted in small volumes into 
cryopreservation tubes at 1 x 10* cells/tube. Total volume is made up to 0.5 ml with a 
mixture of DMEM/F 1 2, FCS and DMSO to make a final concentration of 1 0% FCS and 20% 

10 DMSO. Cells are placed in an insulated styrofoam rack and placed at -80°C for 24 hr, then 
placed in liquid nitrogen for long term storage. When cells are needed, they are thawed firom 
liquid nitrogen at 37 °C, washed twice in fresh medium and plated. 

Transduced tumor cells are irradiated prior to their reinjection into patients to render 
the cells replication incompetent. Cells are irradiated with 20,000 Rad in a *°Cobalt machine. 

1 5 Patients are given three subcutaneous injections in total. Each vaccination comprises 

2x10* irradiated autologous tumor cells modified to express B7-2 and GM-CSF. Injections 
are given on alternating lumbar flank regions which are marked immediately above the 
injection site with India ink to allow accurate localization later in the event that a local 
reaction is not apparent. Patients receive 0.1 ml of vaccine injected SC at each site using a 

20 1 ml syringe fitted with a 23 gauge needle. All vaccinations are prepared by resuspension 

of cells in sterile Ringer's lactate solution. Patients having recurrent glioblastomas, the first 
injection is given on the first or second post-operative day. For patients with treatment 
resistant melanomas (discussed below), the timing of the first injection is not as critical as 
these patients are not undergoing any fiirther surgical resection of their tumors. All patients 

25 receive a second and third vaccination 14 and 28 days, respectively after the first vaccination. 

With the exception of the first vaccination in patients with recurrent glioblastomas 
(who are likely post-operative inpatients at the time), all subjects are treated as outpatients. 
Vital signs are monitored prior to immunization and every half hour for 3 hours after the SC 

Sf\SH-APPS\CNG-IOODI .wpd/DNB/SI 



25 CNG-lOODl 

injections. Patients are examined every hour for 3 hours for inflammation at the injection 
site and for evidence of rash, wheezing or edema. Provided there are no contraindications, 
subjects are discharged 3 hours after treatment. Should significant reactions occur, the 
patient is hospitalized for constant monitoring. 
5 Patients are assessed in the clinic 3 days after vaccination and are evaluated weekly 

for 8 weeks and thereafter monthly for 4 months, every 3 months for 1 year and yearly 
thereafter. Blood samples are obtained for standard blood chemistries and histology at each 
visit. In addition, blood id drawn one week after each vaccination for replication-competent 
retrovirus assays. 

10 Patients are observed for any toxicities. Patients' immunologic reaction to 

immunogene therapy is monitored locally and systeraically. Local immune response is 
monitored by symptoms and signs of delayed type hypersensitivity (DTH) responses at the 
vaccination sites. In addition, punch biopsies are performed at injection sites 2 weeks after 
each vaccination (i.e., days 14, 28 and 42). These biopsies are compared to a biopsy taken 

1 5 from normal lumbar flank skin on day 1 (prior to initiation of therapy). Biopsies undergo 
standard pathologic examination for evidence of tumor cells and inflammation. In addition, 
immunohistochemical staining for CD45, CD4, CDS and NK cell markers is performed. 

Systemic immvme responses are measured using two separate assays. Blood samples 
(20 ml each) are obtained on days 0, 7, 21, 35 and 49. These samples are used to isolate 

20 peripheral blood mononuclear cells (PBMC or PBLs) by centrifiigation on a density 
(Hystopaque) gradient. The PBMC are then stimulated in vitro by co-incubation for 5 days 
with irradiated (20,000 Rad) autologous tumor cells. The stimulated PBMC are then used 
in the following two assays. First, a standard ^'Chromium release cytotoxic T lymphocyte 
(CTL) assay is performed vs. autologous tumor cells. Second, an ELISPOT assay for 

25 interferon-Y production after exposure to autologous tumor cells is performed [Zhang et al 
(1996) Proc. Nart. Acad. Sci. USA 93:14720]. The ^'Chromium release CTL assay is a 
standard assay for cell mediated inmiunity. This assay gives direct information concerning 
the ability of stimulated PBMC to kill tumor cells; however it has a relatively low sensitivity. 

SASH-APPSVCNG-lOODl .wpd/DNB/sl 



26 CNG-lOODl 

To overcome this, the much more sensitive ELISPOT assay for interferon-Y production is 
also used. The ELISPOT assay determines the concentration of PBMC present that produce 
interferon-Y in response to exposure to autologous tumor cells. Since interferon-Y production 
is closely associated with ThI (cell mediated) immune responses, the number of PBMC 

5 producing interferon-Y in response to exposure to autologous tumor provides a measure of 
cell mediated immimity. 

The clinical status of patients is followed by history, physical and laboratory 
parameters. In addition, appropriate diagnostic imaging tests {e.g., MRI scans with and 
without gadolinium enhancement) are obtained at 8 and 24 weeks, every 3 months for the 

10 following year, and yearly thereafter. 

b. Combination Immunogene Therapy For Malignant Melanoma Using B7- 
2 and GM-CSF 

Malignant melanoma is rapidly rising in North America. In contrast to other forms 
of skin cancers which are usually curable with surgery, malignant melanoma is often fatal 

1 5 due to its aggressive nature and tendency of early spread to distant organs, the treatment of 

primary melanoma is surgical while chemotherapy is indicated in patients with metastatic 
disease. Unfortunately, clinical response to chemotherapy is approximately 25% and 5 year 
survival is approximately 5%. 

Treatment of patients having malignant melanoma is conducted using tumor cells 

20 modified to express B7-2 and GM-CSF as described above. Tumor cells are harvested from 
patients when patients originally present and undergo surgery and the cells are treated as 
described in Ex. 1 1 . 

Combinations of other IMGs (and/or genes encoding cell cycle regulators or inducers 
of apoptosis) shown to be effective at reducing tumorigenicity and or at inducing local or 
25 systemic immunity in the human tumor/Hu-PBL-SCID/bg model of the present invention are 
employed to treat human tumors, including glioblastoma and malignant melanoma. 
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In addition to the method of treatment described above wherein the patient's tumor 
cells are transduced with retroviruses encoding inunune-modulators {e.g., B7-2 and GM- 
CSF) (and/or cell cycle regulators or inducers of apoptosis) and the tumor cells are selected 
in culture prior to reintroduction into the patient, the patient's tumor cells may be modified 

5 by introduction of DNA encoding the desired gene(s) (e.g., plasmid DNA transfeired by 
biolistics or other physical means, recombinant adenoviruses, liposomes, direct injection of 
naked DNA). The cells are then allowed to express the transduced genes for a few days (or 
less), irradiated and used to immunize the patient. Subsequent boost immunizations may 
employ retrovirally transduced and selected tumor cells. The use of plasmid DNA (delivered 

10 by liposomes, biolistics, adenovirus vectors or as naked DNA) to modify tumor cells is 
preferred to the use of recombinant retroviruses in those cases where the patient's tumor cells 
take a lengthy period to grow in cell culture as retroviral transduction and selection takes a 
period of several weeks and for certain tumors (e.g.. glioblastomas) it is desirable to 
vaccinate the patient with modified tumor cells within a few days {e.g., ~ 3) of the initial 

15 surgery. Vaccination within ~3 days of tumor debulking may permit the capture of the 
"alarm signal" required for costimulator activation on APCs and enhancement of activated 
macrophage and T cell traffic across the blood-brain barrier [Fuchs and Matzinger (1992) 
Science 258:1 156 and Matzinger (1994) Annu. Rev. Immunol. 12:991]. 

EXPERIMENTAL 

20 The following examples serve to illustrate certam preferred embodiments and aspects 

of the present invention and are not to be construed as limiting the scope thereof. 

hi the experimental disclosure which follows, the following abbreviations apply: M 
(molar); mM (millimolar); \iM (micromolar); mol (moles); mmol (millimoles); jimol 
(micromoles); nmol (nanomoles); g (gravity); gm (grams); mg (milligrams); jig 

25 (micrograms); pg (picograms); L (liters); ml (milliliters); jil (microliters); cm (centimeters); 

mm (millimeters); ^m (micrometers); nm (nanometers); hr (hour); min (minute); msec 
(millisecond); "C (degrees Centigrade); AMP (adenosine 5'-monophosphate); cDNA (copy 
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or complimentary DNA); DTT (dithiotheritol); ddHjO (double distilled water); dNTP 
(deoxyribonucleotide triphosphate); rNTP (ribonucleotide triphosphate); ddNTP 
(dideoxyribonucleotide triphosphate); bp (base pair); kb (kilo base pair); TLC (thin layer 
chromatography); tRNA (transfer RNA); nt (nucleotide); VRC (vanadyl ribonucleoside 

5 complex); RNase (ribonuclease); DNase (deoxyribonuclease); poly A (polyriboadenylic 
acid); PBS (phosphate buffered saline); OD (optical density); HEPES (N-[2- 
Hydroxyethyl]piperazine-N-[2-ethanesulfonic acid]); HBS (HEPES buffered saline); SDS 
(sodium dodecyl sulfate); Tris-HCl (tris[Hydroxymethyl]aminomethane-hydrochloride); rpm 
(revolutions per minute); ligation buffer (50 mM Tris-HCl, 10 mM MgCli, 10 mM 

10 dithiothreitol, 25 ^ig/ml bovine serum albumin, and 26 ^iM NAD+, and pH 7.8); EGTA 
(ethylene glycol-bis(|3-aminoethyl ether) N, N, N', N'-tetraacetic acid); EDTA 
(ethylenediaminetetracetic acid); ELISA (enzyme linked immunosorbant assay); LB (Luria- 
Bertani broth: 10 g tryptone, 5 g yeast extract, and 10 g NaCl per liter, pH adjusted to 7.5 
with IN NaOH); superbroth (12 g tryptone, 24 g yeast extract, 5 g glycerol, 3.8 g KH2PO4 

15 and 1 2.5 g, K2HPO4 per liter); DME or DMEM (Dulbecco's modified Eagle's medium); ABI 
(Applied Biosystems Inc., Foster City, CA); ATCC (American Type Culture Collection, 
Rockville, MY); Beckman (Beckman Instruments Inc., FuUerton CA); Becton Dickinson 
(Becton Dickinson, San Jose, CA); BM (Boehringer Mannheim Biochemicals, Indianapolis, 
IN); Bio-101 (Bio-101, Vista, CA); BioRad (BioRad, Richmond, CA); Brinkmann 

20 (Brinkmann histruments Inc. Wesbury, NY); BRL, Gibco BRL and Life Technologies 
(Bethesda Research Laboratories, Life Technologies Inc., Gaithersburg, MD); Caltag (Caltag 
Laboratories Inc., South San Francisco, CA); CRI (Collaborative Research hic. Bedford, 
MA); Eppendorf (Eppendorf, Eppendorf North America, Inc., Madison, WI); Falcon (Becton 
Dickenson Labware, Lincoln Park, NJ); Invitrogen (Invitrogen, San Diego, CA); New 

25 Brunswick (New Bnmswick Scientific Co. Inc., Edison, NJ); NEB or New England Biolabs 
(New England BioLabs Inc., Beverly, MA); Novagen (Novagen, Inc., Madision, Wl); 
Pharmigen (PharMingen, San Deigo, CA); Pharmacia (Pharmacia LKB Gaithersburg, MD); 
Promega (Promega Corporation, Madison, WI); R&D Systems (R&D Systems Inc., 
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Minneapolis, MN); Sigma (Sigma Chemical Co., St. Louis, MO); and Stratagene (Stratagene 
Cloning Systems, La Jolla, CA). 

Unless otherwise indicated, all restriction enzymes were obtained from New England 
Biolabs and used according to the manufacturers directions. Unless otherwise indicated, 
5 synthetic oligonucleotides were synthesized using an ABl DN A synthesizer, Model No. 39 1 . 

EXAMPLE 1 

Construction Of Mono- And Bi-Cistronic 
Retroviral Vectors And Packaging Of Recombinant Virus 

Retroviral gene therapy vectors were constructed that contained the genes for GM- 

1 0 CSF, B7-2, GM-CSF and B7-2, or GFP gene as shown schematically in Figure 1 . Figure 1 
provides a schematic showing the map of the parental vector (pLSN), pLSNB70 (encodes 
human B7-2), pLSNGMl (encodes human GM-CSF), pLSN-BG9 (encodes both B7-2 and 
GM-CSF) and pLSN-GFP (encodes GFP). 

All genes were cloned into the polylinker region of the MLV-based pLSN plasmid 

15 [Robinson et al. (1995) Gene Therapy 2:269 and co-pending Application Serial No. 
08/336,132]. Therapeutic genes were inserted into pLSN such that their expression was 
under the control of the retroviral LTR (long terminal repeat) whereas a neomycin-resistance 
gene was under the control of an internal SV40 promotor. The vectors lacked the gag, pol, 
or env genes necessary for retroviral packaging in order to render them replication 

20 incompetent. These structural proteins were provided in trans by the retroviral packaging 
cell line PA317 [ATCC CRL 9078; Markowitz et al. (1988) J. Virol. 62:1120] or PG13 
[ATCC CRL 10686; Miller et al. (1991) J. Virol. 65:2220]. For the bi-cistronic vector 
containing GM-CSF and B7-2 genes, the two genes were interposed with an internal 
ribosome entry site (IRES) derived bom the Encephalomyocarditis Virus (EMCV) genome 

25 (pCITE-l,Novagen). 
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a) Construction Of pLSN 

pLSN is a derivation of pLNL6, a retroviral vector approved for clinical use in the 
United States of America. To construct pLSN an intermediate vector, pLLL, was first 

constructed. 

5 pLLL was constructed using pLNL6 (SEQ ID NO: 1) as a starting point. pLNL6 

contains the MoMuLV promoter in the 3* LTR and the murine sarcoma virus (MSV) 
promoter in the 5' LTR. For ease in subsequent cloning steps, the few cloning sites and the 
internal SV-neo gene present in pLNL6 were removed and replaced with a synthetic 
polylinker to generate pLLL. 

10 To construct pLLL, pLNL6 was digested with Clal and BcH and the vector fragment 

was gel purified using GeneClean (Bio- 101) according to the manufacturer's instructions. 
A double-stranded insert containing the polylinker site was constructed using the following 
two oligonucleotides: 5'-GATCTAAGCTTGCGGCCGCAGATCT 
CGAGCCATGGATCCTAGGCCTGATCACGCGTCGACTCGCGAT-3' (SEQ ID N0:2) 

15 and 5'-CGATCGCGAGTCGACGCGTGATCAGGCCTAGGATCCATGGCTCG 
AGATCTGCGGCCGCAAGCTTA-3' (SEQ ED N0:3). These oligonucleotides were 
annealed, kinased and Ugated to the gel purified pLNL6 vector fragment and the ligation 
mixture was used to transform competent DH5a cells (BRL). Proper constmction of pLLL 
was confirmed by restriction enzyme digestion of plasmid DNA prepared from ampicillin- 

20 resistance bacterial colonies as well as by DNA sequencing near the site of insertion of the 
polylinker. 

To generate a vector containing a selectable marker which allows for the isolation of 
cells which have incorporated the vector DNA, pLSN was created. pLSN contains the neo 
gene under the transcriptional control of the SV40 enhancer/promoter. To create pLSN, a 
25 BamlU/Stul fragment containing S V40 enhancer/promoter was isolated from pLNSX [Miller, 
A.D.and Rosman, G.J. (1989) BioTechniques 7:980]. pLNSX and pLLL were digested with 
BamUl and Stul and the digestion products were gel purified. A small firagment of 
approximately 350 bp which contained the SV40 promoter from pLNSX was cloned into the 
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pLLL vector. The final product, designated pLLL/SV40, was confirmed by restriction 
enzyme digestion using BaniHl and Clal. 

In order to insert a better translation initiation codon at the beginning of the neo gene, 
the neo gene was isolated fi-om pLNSX using PGR. Pfu polymerase (Stratagene) was used 

5 to amplify the gene. This amplification was conducted in 5 ^il of lOx Pfu reaction buffer, 0.5 
\il of dNTP (15 mM), 0.5 mM of each of the following primers: 
5'-AAGCTTGATCACCACCATGATTGAACAAGATGG-3' (SEQ ID N0:4) and 
5'-CCGGATCCGTCGACCCCAGAGTCCCGCTCAGAAG-3' (SEQ ED NO:5), 0.5 ^1 of 
pLNSX (0.01 ng) and 38 nl of ddH20. These primers contain the modified translation 

10 initiation control sequence (-CCACCAIG-), as tfiis modification was found to greatly 
increase the strength of the neo gene in tissue culture cells [Kozak, M. (1986) Cell 44:283]. 

The mixture was heated at 95°C for 5 min and 1 \il of Pfu polymerase was added. 
This reaction mixture was cycled through 30 cycles at 94*'C for 1 min, 55*C for 1 min, and 
72"'C for 3 min. After amplification, the DNA comprising the neo gene was gel purified and 

1 5 ligated with the 5c/I-digested pLLL/SV40 vector to create pLSN. Confirmation of proper 
construction was made by restriction enzyme digestion as well as DNA sequencing, 

b) Cloning Of The Human B7-2 And GM-CSF cDNAs 
GM-CSF and B7-2 cDNAs were amplified from normal human lymphocyte RNA by 
RT-PCR as follows. In each case, the oligonucleotides used for PGR amplification 

20 comprised an optimized eukaryotic initiation sequence. For amplification of the GM-CSF 
cDNA, the following primer pair was used: 5' primer: 5'-CCCGGG 
AAGCTT££AC£AIQTGGCTGCAGAGCCTG-3' (SEQ ID N0:6) and 3' primer: 
5'-AATGGATCCTATCACTCCTGGACTGGCTC-3' (SEQ ID N0:7). The sequence of the 
human GM-CSF cDNA is available in GenBank accession no. Ml 1220 and in SEQ ID 

25 NO:8. For amplification of the B7-2 cDNA, the following primer pair was used: 5' primer: 
S'-TOTriG AT CC ACCATGG GACTGAGTAACATT-3' (SEQ ID NO:9) and 3' primer: 
5'-TTTGGATCCTTAAAAACATGTATCACTTTTGTCGC-3' (SEQ ID NO: 10). The 
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sequence of the human B7-2 cDNA is available in GenBank accession no. U04343 and in 
SEQIDN0:11. RT-PCR was carried out using an RT-PCR kit (BRL and Pronaega) 
according to the manufacturer's instructions. 

The PCR amplified B7-2 gene was cloned directly {i.e., blunt-end ligation) into 
5 //i/jcll digested pT7T3 1 8U (Pharmacia) to generate pT7T3 1 8U-B7-2. The PCR amplified 
GM-CSF gene was digested with HindSl and BamUl and cloned into HindiSl and BamYil 
digested pBluescript KS (-) (Stratagene) to generate pBS-GM-CSF. Proper amplification and 
cloning of the B7-2 and GM-CSF open reading fi-ames was confirmed by partial DNA 
sequencing and by restriction enzyme digestion. 

10 c) Construction Of Retroviral Vectors Containing B7-2, 

GM-CSF And GFP Genes 

The B7-2 and GM-CSF cDNAs were subcloned into the retroviral vector pLSN to 
generate pLSNB70 and pLSNGMl, respectively. To generate pLSNB70, pT7T318U-B7-2 
was digested with BamYil and the B7-2 fi-agment was gel purified and cloned into BgM- 
15 digested pLSN. To generate pLSNGMl, pBS-GM-CSF was digested with Hinm. and 
BamWl and the GM-CSF fi-agment was gel purified and cloned into //indffl- and BamUl- 
digested pLSN. 

In addition, cDNA for the reporter gene green fluorescent protein (GFP) was also 
inserted into the retroviral vector pLSN to generate pLSN-GFP. The GFP gene was PCR 

20 amplified using Pfu polymerase (Stratagene) fi-om pGFP (Clontech) using the following 
primer pair: 5' primer: 5'-AAAAGCTTGGATCCACCATGAGTAAA GGA-3' (SEQ ID 
NO: 12) and 3' primer: S'-AATCTAGATTACTATTTGTATAGTT CATCC-3' (SEQ ID 
NO: 1 3). The PCR amplified GFP gene was cloned directly into fcoRV-digested pBluescript 
KS(-) to generate pBS-GFP#l . pBS-GFP#l was digested with Notl and Xhol and the GFP 

25 fragment was gel purified and inserted into Notl- and A^ol-digested pLSN to generate pLSN- 
GFP. 



S:\SH-APPSVCNG-IOODI.wpd/DNB/sl 



33 CNG-lOODl 

Each of the resulting vectors contained a neomycin resistance gene driven by an 
internal SV40 promoter. 

d) Construction Of A Bi-Cistronic Retroviral Vector 

Encoding B7-2 And GM-CSF 

5 A bi-cistronic retroviral vector, pLSN-BG9, containing the B7-2 and GM-CSF genes 

separated by an IRES was constructed as follows. The following three DNA fragments were 
gel purified: the EMCV IRES from Xhol- and /fmdlll-digested pGEM-IRES8 (described 
below); the GM-CSF gene from HindJJl- and fia/nHI-digested PGR product (section b); and 
the B7-2 gene from Notl- and A^ol-digested pLSNBTO. The three purified fragments were 

10 mixed together and ligated into Notl- and 5amHI-digested pLSN to generate pLSN-BG9. 

pGEM-IRES8 was constructed by isolating the EMCV IRES fragment from ^coRI- 
and Afecl-digested pCITE-1 (Novagen) and inserting this fragment into £coRI- and Smal- 
digested pGEM-7Zf+ (Promega). 

e) Generation Of Recombinant Retrovirus 

1 5 Retroviral plasmid DNA was transfected into the packaging cell line P A3 1 7 [Miller, 

A.D. and Buttimore, C. (1986) Mol. Cell. Biol. 6:2895 and Miller, A.D. (1990) Hum. Gene 
Ther. 1:5] by lipofection as described (Robinson et al. supra). Briefly, PA317 cells were 
transfected with pLSNGMl, pLSNB70, pLSN-BG9, or pLSN-GFP using lipofectamine 
(Gibco/BRL). Lipofection was carried out according to the manufacturer's protocol. 

20 PA317 cells were grown in DMEM containing 10% FBS and penicillin and 

streptomycin in an atmosphere containing 10% CO2 at 37 °C. Twenty hours prior to 
lipofection, PA317 cells were placed into a T25 flask (Falcon) at 50% confluency 
(approximately 1 x 10^ cells/flask). To transfect the cells, DNA (4 ng) was added to 300 ^il 
serum-free DMEM lacking antibiotics in a microcentrifuge tube (Eppendorf), and mixed 

25 gently. In a 15 ml polycarbonate tube (Falcon), 300 ^il serum-free DMEM and 12 ^l of 
lipofectamine were mixed gently. The two solutions were combined by adding the DNA- 
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containing solution dropwise into the lipofectamine tube, and the mixture was incubated at 
RT for 45 min. Following this incubation, 2 ml of serum-free DMEM was added and mixed 
gently. The cells were washed with serum-free DMEM and the DNA/lipofectamine mixture 
was gently added to the cells. The cells were incubated at 37°C in a 10% COj incubator for 

5 5 hr. After the 5 hr incubation, 2.5 ml of DMEM containing 20% FBS and antibiotics was 

added to the T25 flask and the cells were incubated ovemight. Twenty hours after the 5 hr 
incubation, the medium was replaced with fresh DMEM containing 20% FBS and 
antibiotics. For vector titration, the medium was changed at 24 hr after the medium was 
replaced with fresh DMEM and vims was harvested 24 hr later. When cells were to be 

10 cloned {i.e., for the production of stable producer cell lines), the transfected PA317 cells 
were split at a 1 : 10 ratio into selective medium (/.e., DMEM containing 500 ^ig/ml G41 8 and 
10% FBS). 

Replication incompetent vims was harvested from supernatant of the transfected 
PA3 17 cultures 48 hrs after transfection of the PA3 17 cells and inmiediately frozen at -80°C 
15 for later use. 

EXAMPLE 2 
Expression Of B7-2 And GM-CSF In 
The Human Glioblastoma Cell Line D54MG 

Viral particles containing recombinant retroviral genomes encoding either GM-CSF, 
20 B7-2, B7-2/GM-CSF or GFP were used to transduce the human glioblastoma cell line 
D54MG. 

a) Growth Of D54MG In Tissue Culture 

The human glioblastoma cell line D54MG [obtained from Dr. D. Bigner, Duke 
University, Durham, NC; Bigner et al (1981) J. Neuropathol. Exp. Neurol. 40:201] was 
25 cultured in Dulbucco's Modified Eagle's Media (DMEM) with 10% fetal bovine semm 
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(Gibco), 0.2 units/ml penicillin-streptomycin solution (Sigma), and 0.2 mM glutamate at 
37 °C in a humidified atmosphere containing 5% CO2- 



b) Retroviral Transduction 

Frozen virus stock was thawed at 37°C. Polybrene was added to the thawed virus 
5 solution at a final concentration of 4 \ig/m\. Culture media was added to the virus solution 

to bring the final volume to 1 .5 ml. D54MG cells in logarithmic growth phase in T25 flasks 
(approximately 1x10^ cells) were incubated in the virus supematant at 37 °C, 5% CO2 for 
3 hours. Thesamevolumeofmediaandpolybrenewithout virus was used as control. After 
3 hours, a further 3 ml of culture media was added to each flask and they were incubated 
10 overnight. Media was changed the next morning. 

c) Selection Of Transduced Cells 

Twenty-four hours after retroviral transduction, 500 ng/ml of the neomycin analog 
G418 was added to the culture media. Media was changed every two to three days until 
complete selection had taken place (/.e., all cells in the control flasks were dead). After 
1 5 selection, the cells were cultured in growth media containing reduced concentrations of G4 1 8 

(250 jig/ml) and allowed to grow to confluence. 

d) Analysis Of B7-2 Expression By Flow Cytometry 

Transduced D54MG cells at approximately 70% confluence were harvested by 
scraping after room temperature incubation for 15 minutes in 0.02% EDTA in Phosphate- 

20 Buffered Saline (PBS). ]n aliquots of 10^ cells per 200 ^1 of immunofluorescence (IF) buffer 
(2% fetal calf serum, 0.02% sodium azide in PBS), samples were incubated on ice for 1 hour 
with 1 ^g of RPE-conjugated monoclonal anti-human B7-2 antibody (Ancell) or 1 ^ig of 
RPE-conjugated isotype-control murine IgG, antibody (Pharmingen). Cells were washed 
four times in IF buffer, and fixed in 1% formalin in PBS. Samples were then read on a 

25 cytometer (B-D Flow Cytometer) using standard techniques. 
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e) Analysis Of GM-CSF Expression By ELISA 

Transduced D54MG cells at approximately 70% confluence in T75 flasks were 
incubated in fresh media for 24 hours. After this period of incubation, media was harvested 
and centrifiiged briefly to remove cells and debris. The cell number per flask was 
5 determined. GM-CSF levels in the harvested media was tested using a commercially 

available kit (Quantikine, R&D Systems) as per the manufacturer's instmctions. The level 
of GM-CSF was converted to jig/10^ cells/24 hoiu^ based on the cell number in the flasks 
from which the media originated. 

f) Expression Of B7-2 And GM-CSF In D54MG Cells 

10 Flow cytometry studies showed that B7-2 was expressed on the surface of B7-2- and 

B7-2/GM-CSF-transduced D54MG cells but not on wild type or GM-CSF-transduced cells 
(1-2 orders of magnitude fluorescence shift compared to isotype controls). Flow cytometry 
of GFP-transduced D54MG cells without staining revealed mildly increased 
autofluorescence compared to wild type D54MG. Representative flow cytometry histograms 

15 are shown in Figs. 2A-E. 

Figs 2A-E provide flow cytometry histograms for: wild type D54MG (2A), B7-2- 
transduced D54MG (2B), GM-CSF-transduced D54MG (2C), B7-2 and GM-CSF-transduced 
D54MG (2D), and GFP-transduced D54MG (2E). For Figs. 2A-2D, the histograms on the 
left represent D54MG cells stained with isotype matched control antibodies while the 

20 histograms on the right represent staining with monoclonal anti-human B7-2 antibodies. For 
Fig. 2E, the histogram on the left represents unstained wild type D54MG cells while the 
histogram on the right represents unstained GFP-transduced D54MG. 

GM-CSF production was significant for GM-CSF-transduced (30 ng/10^ cells/day) 
and B7-2/GM-CSF-transduced (5 ng/10* cells/day) cells but not for wild type or B7-2- 

25 transduced cells. Gene expression in the transduced D54MG cells is summarized in Table 
1. 
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TABLE 1 



Therapeutic Gene Expression In Vitro In Wild Type And 
Transduced DS4MG By ELISA (GM-CSF) Or Flow Cytometry (B7-2) 



CeDLine : 


Vector "^i 
(Genes Transfeited) : 


' dM>^SF Production. 
(rig/10*eells^ayi^^^^ 


B7-2 Expression (Orders 
Gf Magnitude. 
- / Fliiol-escence Sbi^^^ 


D54MG 


None 


0.0 


0 


D54MG 


PLSNB70 (B7-2) 


0.0 


2 


D54MG 


pLSNGMl (GM-CSF) 


30,0 


0 


D54MG 


pLSNBG9 
(B7-2 and GM-CSF) 


5.0 


1 



The above results demonstrate that therapeutic gene expression m the D54MG human 
10 glioblastoma cell line was high after in vitro transduction with the pLSN-based retroviral 
vectors. Levels of GM-CSF production were comparable to those reported in other 
retrovirally transduced tumor cell lines [Dranoff et al (1993) Proc. Natl. Acad. Sci. USA 
90:3539 and Jaffee et al (1993) Cancer Res. 53:2221]. Quantification of B7-2 expression 
is difficult using flow cytometry as expression is essentially a binary system (either present 
15 or absent on the cell surface). However, B7-2 molecules were clearly present on the surface 
of D54MG cells transduced with retroviral vectors containing the B7-2 gene and absent on 
wild type or GM-CSF-transduced cells. These results demonstrate that the above-described 
retroviral vectors provide simple, reliable tools for transferring GM-CSF and/or B7-2 genes 
into human glioblastoma cells in vitro. 
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EXAMPLE 3 
Tumor Growth Efficiency And Human PBL 
Reconstitution In SCID^eige And SCID/nod Mice 

This example describes the reconstitution of SCID/nod and SCID^eige mice with 
5 himian PBL and the engraftment of human tumor cells in these mouse strains. 

a) Animals And Human PBL Reconstitution 

For most experiments, four to five week old female C.B-17-SCID-beige mice were 
purchased fi-om Taconic (Germantown, New York). For the first vaccination/challenge 
experiment, four to five week old female SCID/nod mice were obtained from Dr. L. Pilarski 

10 (Cross Cancer histitute, University of Alberta, Edmonton, Alberta). The mice were 
maintained in filtered cages in a virus free environment and received cotrimoxazole in their 
drinking water twice per week. 

Hu-PBL-SCID mouse reconstitution was carried out as previously described [Zhang 
et al. (1996) Proc. Natl. Acad. Sci. USA 93:14720]. Briefly, each mouse was 

1 5 intraperitoneally (IP) injected with 2-3 x 10^ PBLs resuspended in 0.5 ml of Hanks' balanced 
salt solution. A near 100% success rate in reconstitution of SCID/bg mice was obtained 
when fresh PBLs were used. Five days to three weeks after reconstitution, mice were bled 
from the tail and the human Ig level was assessed by enzyme-linked immunosorbent assay 
(ELIS A) using a monoclonal rabbit anti-human IgG/IgM antibody (Jackson Labs) and control 

20 human IgG (Sigma). 

Preliminary results indicated that SCID/nod mice were not as reliably reconstituted 
with human peripheral blood lymphocytes as were SCID/bg mice. Unlike SCID/bg mice, 
reconstitution of SCID/nod mice with human PBLs appeared to vary both from PBL donor 
to PBL donor and from mouse to mouse. Furthermore, many hu-PBL-SCID/nod mice 

25 developed a disease characterized by cachexia, alopecia, and facial edema 3 to 6 weeks after 

reconstitution. This was not seen in unreconstituted SCID/nod mice or in SCED/bg mice 
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with or without reconstitution. The etiology was unclear, though the possibilities of Graft 
vs. Host Disease and diabetes melitis were considered. Because of these difficulties, 
reconstituted SCID/bg mice are preferred for tumor growth and vaccination/challenge 
experiments. 

5 b) Subcutaneous Tumor Growth Experiments 

Five to seven week old SCDD/bg mice were injected subcutaneously (SC) on the right 
flank with 2x10^ retrovirally-transduced and selected P54MG cells. Control mice were 
injected SC on the right flank with wild type D54MG cells. Six days post injection, mice 
were reconstituted via IP injection as described above with 2x10^ human peripheral blood 

10 lymphocytes isolated on a Histopaque gradient (Sigma) from the buffy coat layer of whole 

blood from healthy donors. Reconstitution was monitored by examination of sera (tail 
bleeds) for the presence of human Ig by ELISA. In all but one experiment, half of the mice 
from each group (transduced and untransduced) were left unreconstituted as controls. Tumor 
size was measured in three directions by calipers every 3 to 5 days. Comparison was made 

15 between transduced and untransduced tumor cells and between reconstituted and 
unreconstituted mice. 

c) Statistical Analysis 

Comparison between tumor sizes in different groups was performed using standard 
one-way analysis of variance (ANOVA). 

20 d) Tumor Growth And Human PBL Reconstitution In 

SCID/beige And SCID/nod Mice 
As described below, SCID/bg mice receiving human PBL via IP injection supported 
the growth of a human melanoma cell line with nearly 100% success and these animals 
demonstrated significant levels of human lymphocytes by flow cytometric analysis in spleen 
25 and peripheral blood 38 days post reconstitution. This example shows that both SCED/nod 
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and SCID/bg mice supported the growth of wild type D54MG cells (human glioblastoma) 
subcutaneously with 100% efficiency (35/35) regardless of human lymphocyte reconstitution. 
D54MG tumors transduced with B7-2, GM-CSF, or both B7-2 and GM-CSF also grew with 
100% efficiency in unreconstituted SCID/bg mice (4/4, 8/8, and 4/4 respectively). Growth 

5 of D54MG tumors transduced with B7-2 and GM-CSF was inhibited in human lymphocyte- 
reconstituted mice as detailed below. 

Reconstitution with himian PBLs was monitored by ELISA for the presence of human 
Ig using sera collected from the tail of the reconstituted mice. All SCID/bg mice receiving 
human PBLs (46/46) had significant levels (>100 ng/ml) of human Ig in serum within 14 

10 days of reconstimtion. However, 3 of 12 SCID/nod mice that received human PBLs failed 
to demonstrate human Ig on serial testing and were excluded from the study. Subsequent 
studies with SCID/nod mice revealed that the success of human PBL reconstitution also 
varied significantly from PBL donor to PBL donor. For these reasons, SCID/bg mice (not 
SCID/nod) were preferred for tumor growth and vaccination/challenge experiments. 

15 EXAMPLE 4 

Growth Suppression Of B7-2 And GM-CSF-Transduced 
D54MG But Not Wild Type D54MG In Hu-PBL-SCID/bg Mice 

In two separate experiments, growth of D54MG transduced with B7-2 in human PBL 
reconstituted SCID/bg mice was markedly inhibited compared to untransduced and/or 
20 unreconstituted controls. These results are summarized in Figs. 3A and 3B. 

For the results shown in Fig. 3, all mice received 2x10* tumor cells (either D54MG 
or D54MG-B7-2) subcutaneously on the right flank on Day 0. Mice were injected IP with 
2x10' human PBL six days after tumor cell injection. Reconstitution was confirmed by 
detection of serum hviman Ig levels >100 ng/ml. In the first experiment (3 A), all mice were 
25 reconstituted with human PBLs. hi Fig. 3 A, tumor volume (nun') is plotted over time (days) 
for mice receiving untransduced D54MG cells (open circles; "D54MG") and D54MG cells 
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transduced with pLSNB70 (solid squares; "D54MG-B7-2"). In the second experiment (3B), 
half the mice from both groups (D54MG and D54MG-B7-2) were left xmreconstituted 
(hatched lines). In Fig. 3B, tumor volume (mm^) is plotted over time (days) for mice 
receiving untransduced D54MG cells (solid squares) and D54MG cells transduced with 
5 pLSNBTO (open triangles). In Fig. 3, arrows are used to indicate the times at which the 
tumor cells and lymphocytes were injected. 

A standard test for statistical significance in subcutaneous tumor growth models is 
comparison of tumor volumes by ANOVA at a point approximately two-thirds along the 
growth curve [Gallagher et al (1993) Tumor Immunology: A Practical Approach, IRL Press, 

1 0 Oxford, UK] . By this criteria, the mean tumor volume for B7-2-transduced tumors in human 
lymphocyte-reconstituted mice was significantly less than the mean tumor volume for wild 
type {i.e., non-transduced) tumors by 22 days in the first experiment and by 35 days in the 
second experiment (p<0.05 in both). Interestingly, growth of D54MG-B7-2 tumors in 
unreconstituted mice was also mildly inhibited compared to wild type tumors (Fig. 3B). 

1 5 However, growth inhibition was much more marked in the reconstituted mice. These results 
suggests that, although a small portion of the growth inhibition seen for D54MG-B7-2 may 
be human lymphocyte-independent, the predominant effect is dependent on human 
lymphocytes. 

Growth of GM-CSF-transduced D54MG in human lymphocyte reconstituted mice 
20 was moderately inhibited compared to untransduced and/or unreconstituted controls in two 
separate experiments. These results are sununarized in Figs. 4A and 4B. 

For the results shown in Fig. 4, all mice received 2x10^ tumor cells (either D54MG 
or D54MG-GM-CSF) subcutaneously on the right flank on Day 0. Mice were injected IP 
with 2x10^ human PBL six days after tumor cell injection. Reconstitution was confirmed 
25 by detection of serum human Ig levels >100 jig/ml in ELISAs. In both experiments shown 
in Figs. 4A and 4B, half the mice from both groups (D54MG and D54MG-GM-CSF) were 
left unreconstituted (hatched lines). In Fig. 4A, tumor volume (mm^) is plotted over time 
(days) for mice receiving imtransduced D54MG cells (solid squares; "D54MG") and 
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DM54MG cells transduced with pLSNGMl (open triangles; "D54MG-GM-CSF"). In Fig. 
4B, tumor volume (mm^) is plotted over time (days) for mice receiving untransduced 
D54MG cells (solid squares) and D54MG cells transduced with pLSNGMl (open triangles). 
In Fig. 4, arrows are used to indicate the times at which the tumor cells and lymphocytes 

5 were injected. 

Neither of the experiments shown in Figs. 4A and 4B achieved statistical significance 
by ANOVA on their own. However, when the results from the two experiments were 
pooled, GM-CSF-transduced tumors in human PBL-reconstituted mice were significantly 
smaller than wild type by 55 days (p<0.001). No inhibition of D54MG-GM-CSF tumor 

10 growth was observed in unreconstituted mice. 

These results demonstrate that transduction of D54MG tumor cells with recombinant 
retroviral vectors encoding either B7-2 or GM-CSF resulted in an inhibition of tumor growth 
in human PBL-reconstituted SCID/bg mice (Figs. 3 and 4). This demonstrates that the 
expression of either the human B7-2 gene or the human GM-CSF gene in glioblastoma cells 

15 overcomes local immunosuppression and results in a significant antitumor response. As 
demonstrated in the example below, the expression of both human B7-2 and GM-CSF genes 
in glioblastoma cells induces a systemic immune response that inhibits tumor growth at 
distant sites. 



EXAMPLE 5 

20 Efficacy Of Immunization Of Hu-PBL-SCID/nod And 

Hu-PBL-SCID/bg Mice With Therapeutic Gene-Modified D54MG Tumor Cells 

The ability to inhibit tumor growth in human PBL-reconstituted SCED mice by 
vaccination of the reconstituted mice prior to challenge with tumor cells was examined. 



a) Vaccination/Challenge Experiments 
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In the first vaccination/challenge experiment, five to six week old female SCID/nod 
mice were reconstituted with 2 x 10^ PBL firom healthy donors via IP injection. 
Reconstitution was monitored by examination of sera (tail bleeds) for the presence of human 
Ig by ELISA. Five days after reconstitution, mice were vaccinated via IP injection of 1 x 10' 
5 irradiated (20,000 rad) D54MG cells (either wild type, GFP-transduced, or B7-2 and GM- 

CSF-transduced). Five days post- vaccination, all mice received SC injections of 1 x 10* 
unirradiated wild type D54MG cells on the right flank. Tumor growth was measured as 
described above. 

The second vaccination experiment was performed similarly, but in this instance, 
10 SCID/bg mice (Taconic) were used. In addition, the order of injections was slightly 
different. These mice first received SC injections of 1 x 10* wild type D54MG cells on their 
right flanks. Ten days later, they were reconstituted with 2 x 10' human PBL. Ten days after 
reconstitution, the mice were vaccinated with 1x10' irradiated tumor cells (eidier wild type, 
GFP-transduced, or B7-2/GM-CSF-transduced). 

15 b) Vaccination Of Hu-PBL-SClD/bg Mice With D54MG 

Cells Expressing Therapeutic Genes Induces A Systemic 
Immune Response 

SCID/nod and SCID/bg mice were reconstituted, vaccinated and challenged with wild 
type D54MG cells as described above. As shown in Fig. 5A, growth of wild type D54MG 

20 tumors in human PBL-reconstituted SCID/nod mice which had been vaccinated with 
irradiated B7-2/GM-CSF-transduced D54MG was markedly inhibited compared to mice 
vaccinated with wild type or GFP-transduced D54MG. hi Fig. 5A, tumor volume (mm') is 
plotted over time (days) for mice vaccinated with either D54 cells transduced with pLSN- 
BG9 (open squares; "D54MG-B7-2-GM-CSF"), D54MG cells transduced with pLSN-GFP 

25 (solid circles; D54MG-GFP") or untransduced D54MG cells (solid squares; "DM54MG"). 
In Fig. 5 A, an arrow indicates the time at which the tumor cells were injected. 
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While the results shown in Fig. 5A demonstrate that the growth of wild type D54MG 
tumors was inhibited in Hu PBL-SCED/nod mice vaccinated with irradiated B7-2/GM-CSF- 
transduced D54MG cells. However, small sample sizes due to the exclusion of several 
unsuccessfully reconstituted mice (3/12) prevented this effect from reaching statistical 

5 significance. This problem was subsequently overcome by performing all remaining studies 

with reconstituted SCK)/bg mice. 

In a second vaccination experiment, wild type growth inhibition was seen in human 
PBL-reconstituted SCID/bg mice vaccinated with irradiated D54MG-B7-2/GM-CSF cells 
but not in mice vaccinated with either wild type D54MG or D54MG-GFP cells. In this 

10 second vaccination experiment all mice were successfully reconstituted with human PBLs 
as judged by ELISA (human Ig >100 fig/ml). The results are summarized in Fig. 5B. In Fig. 
5B, tumor volume (mm^) is plotted over time (days) for mice vaccinated with either D54 
cells transduced with pLSN-BG9 (open squares; "D54MG-B7-2-GM-CSF"), D54MG cells 
transduced with pLSN-GFP (solid circles; D54MG-GFP") or untransduced D54MG cells 

15 (solid squares; "DM54MG"). In Fig. 5B, arrows are used to indicate the times at which the 
tumor cells and lymphocytes were injected as well as the time at which the vaccination was 
given. 

Unlike the furst vaccination study (Fig. 5 A), in the second vaccination study wild type 
D54MG cells were injected subcutaneously into the flank 20 days prior to vaccination. At 

20 the time of vaccination, tumors were palpable (1-2 mm^) on all mice. After vaccination, 
tumor growth continued exponentially in mice vaccinated with wild type or GFP-transduced 
D54MG. However, in mice vaccinated with GM-CSF/B7-2 transduced D54MG, tumor size 
increased slightly after vaccination (peaking at a mean of 8 mm^) and then regressed. 
Differences between the experimental and control groups achieved statistical significance 

25 by ANOVA (p<0.001) by day 42. 

The above results demonstrate the inhibition of wild type tumor challenge growth in 
mice vaccinated with irradiated tumor cells transduced with retroviral vectors containing the 
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B7-2 and GM-CSF genes and demonstrates that expression of these genes by gHoblastoma 
cells induces a systemic immune response that inhibits tumor growth at distant sites. 

It should also be noted that the present model, while an allogeneic system, has more 
similarities to autologous systems than may be immediately apparent. Unlike the classical 

5 immune-mediated rejection seen in allogeneic organ transplantation, this system is free of 

graft-origin "passenger lymphocytes." These lymphocytes are important in initiating 
allogeneic organ rejection responses by presenting antigen to host lymphocytes in the context 
of allogeneic Class n major histocompatibility complex (MHC) [Larsen et al (1990) Annals 
of Surgery 212:308; Chandler and Passaro (1993) Archives of Surgery 128:279; Moller 

10 (1995) Transplantation Proc. 27:24]. The D54MG cell line expresses only Class I MHC and 
not Class n MHC in vitro. Although allogeneic Class I MHC molecules are expressed by 
the D54MG cells in this model, the absence of graft-origin Class n MHC-positive cells in 
the tumor renders this model more like an autologous system. 

The use of the hu-PBL-SCID mouse model and a human glioblastoma tumor cell line 

1 5 has demonstrated the therapeutic utility and feasibility of in vivo immunogene therapy using 
GM-CSF or B7-2 genes (alone or in combination). The hu-PBL-SCID model provides a 
simple and powerful method to analyze human lymphocyte responses to human tumors in 
vivo. Early cancer immunotherapy studies using hu-PBL-SCID mice were limited by the 
influence of residual murine NK lymphocyte activity [Reddy et al (1987) Cancer Res. 

20 47:2456; Hill et al (1991) FASEB J. 5:A965; Mueller et al (1991) Cancer Res. 51:2193; 

Zhai et al (1992) Cancer Immunol. Inmnmother. 35:237]. This problem has been overcome 
by the use of the SCIDA)g and the SCID/nod mouse strains that are deficient in NK cells 
[Croy and Chapeau (1990) J. Reprod. Pert. 88:231; MacDougal et al (1990) Cell Immunol. 
130:106; Prochazka et al (1992) Proc. Natl. Acad. Sci. USA 89:3290; Mosier et al (1993) 

25 J. Exp. Med. 177:191; Malkovska et.al (1994) Clin. Exp. Immunol. 96:158]. 

In conclusion, the retroviral gene therapy vectors provided herein demonstrated 
efficient bi-cistronic gene transfer (B7-2 and GM-CSF) to human glioblastoma cells in vitro. 
In an in vivo allogeneic human tumor/lymphocyte system, glioblastoma cells that express 
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these genes result in lymphocyte-mediated responses that inhibit tumor growth locally and 
at distant sites. These results demonstrate the feasibility of immunogene therapy for 
glioblastoma multiforme using B7-2 and GM-CSF genes. 

EXAMPLE 6 

5 Transduction And Expression Of The 

B7-2 Gene In Established Tumor Cell Lines 

To determine whether most of the human tumor cells are susceptible to retroviral 
transduction, and whether the T-cell costimulator gene B7-2 can be expressed in different 
tumors, a series of different types of human tumors were transduced with the B7-2 vector. 
1 0 Conditions for transduction were as described in Ex. 2. Twenty-four hrs after transduction, 

the cells were cultured in media containing different concentrations of G418. Resuhs of this 
study are shown in Table 2. 
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TABLE 2 

Transduction Of Tumor Cell Lines With pLSNB70 



CeUtype 


Medium: 


Transductio'iiyRate* 


HeLa cervical epithelial carcinoma 


DM£M 


1 t t / < AA 1 AAA 


SW480 colon adenocarcinoma 


DMEM orLl5 


MM! / 750-1000 


HT-29 colon adenocarcinoma 


McCoy's 


1 1 1 1 1 / 500 


U87 MG/GIioblastoma-Astrocytoma 


MEM+NaPy+NEa.a. or 
DMEM 


Mill/ 1000 


SK-N-MC neuroblastoma 


MEM++NaPy+NEaj 


-H-H/600 


SK-N-SH / neuroblastoma 


<MEM+NaPy+NEa.a. 


-H- 


A-43 1 epidermoid carcinoma 


DMEM 


-H-/250 


RD embryonal rhabdomyosarcoma 


MEM 


+++/250 


HepG2 hepatoma 


DMEM 


Mill/ 750-1000 


Huh7 hepatoma 


DMEM 


++/ 500-750 


PC3 prostate tumor 


F12/DMEM 


- / 250 no survivors 


DU14S prostate tumor 


MEM 


++++ / 600 


A375 melanoma 


DMEM 


-H-H-/1000 


SK-Mel-1 melanoma 


MEM (suspension cells) 


/300 



1+: <10 sec; 2+: >30 sec; 3+: >50 sec; 4+: >80 sec; 5+: >100 sec; and sec: single cell 
clone. MEM (Minimal Esstential Medium); NaPy (sodium pyruvate); NE a.a. (non-essential 
20 amino acids). 

The results sho\vn in Table 2 demonstrate that most of the established human tumor 
cells were efficiently transduced by the pLSNBTO virus. Some of the tumor cells are more 
resistant to G41 8 than others. The transduction rate was determined by coimting the number 
of G418-resistant cell colonies. Expression of the B7-2 gene was demonstrated by 
25 immunohistochemical staining using an anti-B7-2 monoclonal antibody. Except for the few 

cell lines that were sensitive to low levels of G418 (e.g., PC3), most of the tumor cell lines 
tested were efficiently transduced with the B7-2 gene, and selected by G418 within two 
weeks. 
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EXAMPLE 7 
Transduction And Expression 
Of B7-2 In Primary Tumor Cells 

Retroviral transduction of established cell lines is generally more efficient than 
5 transduction of primary tumor cells. For in vivo or ex vivo gene transduction, however, the 
target cells are fresh {i.e., primary) tissues or tumors. It is thus important to demonstrate 
B7-2 transduction in freshly isolated primary tumor cells. To this end, several tumor 
specimens from surgery or biopsy were propagated in culture for less than 5 passages and 
transduced with the pLSNB70 virus as described in Ex. 2. After transduction, the cultures 
10 were selected with G41 8. The results are summarized in Table 3. 

TABLES 



Retroviral Transc 


uction Of Primary Tumor Cultures 


Cell type 


Medium 


'Transducfion''/;' : ;. 
Rate*/|iie/iiiil .- 


E81 (pU) 


F12/DME 


-H-/250 


E82 (p3) 


F12/DME 


-H-H-/ 250 


E81 (pll) 


F12/DME 


+ /250 


Hepatoma (PC) 


RPMI; F12/DME 


-/500 


Melanoma (DD) 


RPMI 


-H-/250 


Melanoma (DJ) 


RPMI 


++/250 


Adenocarcinoma (BP) 


RPMI 


+++/250 


Adenocarcinoma (LI) 


RPMI 


-I-H-/250 



(1+: <10 sec; 2+: >30 sec; 3+: >50 sec; 4+: >80 see; 5+: > 100 see;see, single cell clone). 

As shown in Table 3, primary tumor cultures were found to be sensitive to low 
concentrations of G418 (approximately 250 ng/ml G418). Nevertheless, most of the 
25 transduced cells were selected within 10 days. The results shown in Table 3 illustrate the 
successful transduction of three primary gliomas, two melanomas and two adenocarcinomas 
with pLSNB70. B7-2 expression was also confirmed by immunohistochemical staining 
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using a mouse anti-B7-2 antibody as the primary antibody and a FUC-labeled goat anti- 
mouse antibody as the secondary antibody. The majority of the selected cells (i.e, the 
transduced tumor cells that survived growth in the presence of G418) showed positive 
surface staining for B7-2. 

5 EXAMPLE 8 

Retroviral Transduction Of GM-CSF 
In Established And Primary Tumor Cells 

In animal studies, a high level of GM-CSF expression has been shown to be related 
to its therapeutic efficacy [Jaffee et al. (1993) Cancer Res. 53:2221 and Dranoff et al. (1993) 

10 Proc. Natl. Acad. Sci. USA 90:3539]. Two different retroviral vectors Were constructed that 
contained the human GM-CSF cDNA to examine the level of GM-CSF expressed in 
transduced tumor cells. The first vector pLSN, which contains the wild type MoMLV LTR, 
was described above in Ex. 1 as was the construction of pLSNGMl. The second vector, 
pLGCTSN (ATCC 97803; Robinson et al, supra), contains a modified LTR in which the 

15 MoMLV U3 region is replaced by the CMV-IE enhancer/promoter and the HIV TATA and 
TAR elements which leads to an increased level of expression in human cells; in addition, 
pLGCTSN contains an extended packaging signal and a 3' splice acceptor sequence firom 
MoMLV. The human GM-CSF cDNA was inserted into pLGCTSN to create pLGCTSN- 
GMl as follows. The GM-CSF gene was released fi-om pBS-GM-CSF (Ex. 1) by digestion 

20 with //mdffl and Bamtil and this fi-agment was inserted into //mdm- and 5amHI-digested 
pLGCTSN to generate pLGCTSN-GMl . 

A human melanoma cell line (SK-MEL-1; ATCC HTB 67) and the primary 
adenocarcinoma (U) culture ["AD1(U)"] were transduced with retroviruses derived firom 
either pLSNGMl , pLGCTSN-GM, pLSNBG9 or pLSNBVO, and selected with G41 8. The 

25 expression of GM-CSF was determined by ELIS A using culture supematants collected fix)m 

S:\SH-APPSCNCi- 1 OODI .wpd/DNB/a 



50 CNG-lOODl 

the G418-selected cultures. Table 4 summarizes the amount of GM-CSF (ng/10* cells/24 hr) 
present in the culture supematants. 



TABLE 4 

ELISA Of GM-CSF Expression In Established And Fresh Tumor Cell Cultures 



-Vector' 


--SIWViEL-l' i 




Control (PLSNB70) 


0.1 


0.03 


pLSNGMl 


9 


4 


pLGCTSN-GM 


9 


8 


PLSNBG9 


9 


0.65 



10 The virus derived from pLSNB70 (encodes B7-2) was used as a negative control for 

the expression of GM-CSF in the transduced cells; pLSNB70-transduced melanoma cells 
expressed GM-CSF at <0. 1 ng/ml/10^ cells in 24 h which was close to the background level 
of the ELISA. The pLSNGMl- and the pLGCTSN-GM-transduced cells expressed 9 
ng/ml/10^ cells of GM-CSF in 24 hr. This study used an established human melanoma cell 

15 line (SK-MEL-1) and the level of GM-CSF expression was determined 3 months after cells 
were selected by G418. 

A similar study was performed using a primary human adenocarcinoma culture 
ADl(LJ). The primary culture was prepared as follows. The tumor tissue was surgically 
removed, placed in HBSS on ice immediately after surgery and transferred to a biosafety 

20 hood. Ten milliliters of HBSS was placed in a sterile petri dish and the tumor tissue was 
added. Using forceps and a scalpel, normal tissue surrounding the tumor was removed and 
the tumor was transferred to a second petri dish containing 5-10 ml HBSS and the tumor 
was minced. Ten ml of a suspension containing the minced tumor was transferred to a 15 
ml tube and the cells were collected by centrifiigation at lOOxg for 8 min. at room temp. The 

25 cells were resuspended in 2 ml of DMEM containing 20% FCS. The resuspended cells (2-3 
ml) were transferred to a 50 ml tube and the following enzymes were added: 1 mg/ml 
coUagenase type V, 10 ^ig/ml hyaluronidase type V, 300 U/ml DNase type IV and 10 ^ig/ml 
gentamycin sulfate. The cells suspension was then incubated at 37''C with shaking for 60 
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min. The cells were then plated in tissue culture flasks containing DMEM containing 10% 
FCS, 10 \ig/ml gentamycin sulfate, penicillin/streptomycin/glutamine solution (Gibco/BRL) 
and 1.25 ^ig/ml amphotericin (growth medium) and grown overnight in an incubator 
containing 5% COj at 37 °C. On the second day, non-adherent cells were removed by 

5 washing the flasks with 3 ml growth medium. The medium was changed every 3-7 days 

depending upon the growth rate of the cells. The cells were transduced with the pLSNB70 
virus and grown in the presence of G4 18 as described above. 

As shown in Table 4, the transduced and selected primary human tumor cells 
[AD1(U)] produced GM-CSF in the range of 1-8 ng/ml/10^ cells/24 hr (GM-CSF expression 

1 0 was determined 2-3 weeks after the cells were selected using G4 1 8). Thus, the un-modified 

retroviral vector pLSN is capable of producing high levels of GM-CSF in primary human 
tumor cells. The level of GM-CSF expression may be cell-type dependent, and further 
modification of the vector (e.g., use of cell-type- or tissue-specific enhancers and/or 
promoters) may further increase the level of expression in specific tumor cells. 

15 

EXAMPLE 9 

Bi-Cistronic Expression Of B7-2 And 
GM-CSF In Established And Primary Tumor Cells 

To express both the B7-2 and GM-CSF therapeutic genes simultaneously in tumor 
20 cells, the bi-cistronic retroviral vector pLSNBG9 (Ex. 1) was employed. The plasmid DNA 
was transfected into PA317 cells and virus was harvested and used for transduction as 
described in Ex. 1. Both the established melanoma cell line SK-MEL-1 and the primary 
adenocarcinoma cell culture AD1(LJ) were transduced and selected by G418. After selection 
(typically 2 weeks after applying G418), the expression of GM-CSF and B7-2 in these two 
25 cell types was determined by ELISA (Table 4) and flow cytometry, respectively. Table 4 
shows that the level of GM-CSF expression for the bi-cistronic vector was similar to the 
mono-cistronic vector pLSN-GM in SK-MEL-1 cells but was ten times less than the 
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mono-cistronic vector in the primary AD I (U) culture. The FACS analysis indicated that the 
mono-cistronic (pLSNB70) and bi-cistronic (pLSNBG9) vectors expressed B7-2 in both cell 
types. These results demonstrate that both B7-2 and GM-CSF can be expressed 
simultaneously following transduction of established and primary tumor cultures with virus 
5 derived from the bi-cistronic pLSNBG9 vector. 

EXAMPLE 10 

Construction Of Expression Vectors For The 
High Level Expression Of Therapeutic Genes 

The promoter strength of the retroviral vector determines the expression level of the 

10 transduced gene in eukaryotic cells. To increase the level of gene expression, we have 
modified the MLV vector and generated a series of vectors with enhanced promoter strength 
(Robinson et al. supra). To further improve the promoter strength, the strength of several 
promoters was examined in the human mmor cell line, HeLa (ATCC CCL 2), using a 
reporter CAT assay. Plasmids in which the CAT gene was placed vinder the transcriptional 

15 control of either the CMV-IE promoter/enhancer, the EFla promoter/enhancer with or 
without intron 1, the MCT promoter (the modified MoMLV LTR present in pLGCTSN), 
and the HIV LTR (a number of these CAT constructs are described in Robinson et al, 
supra). The plasmids were transfected into HeLa cells and 48 hr later cell lysates were 
prepared and assayed for CAT activity as described (Robinson et al, supra). Constructs 

20 containing plasmids comprising the HIV- 1 TAR element (/. e., the HIV LTR and the pMCT 
promoters) were also co-transfected along with a tat expression construct. The results are 
summarized in Table 5. In Table 5, the promoter activity is expressed relative to the activity 
of the CMV-IE promoter. In Table 5, the following abbreviations are used: EFla+intron 
(the 1.442 kb EFla enhancer/promoter element comprising intron 1); EFla-intron (a 475 bp 

25 Augment containing the EF 1 a enhancer/promoter corresponding to map units 1 25 to 600 of 
the human EFla gene) HIV+Tat (the pHIV-l/LTR-cat construct co-transfected with the tat 
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expression construct); MCT (pMCT-cat); and MCT+Tat (pMCT-cat co-transfected with the 
tat expression construct). 

TABLE 5 



Promoter 


■ ; ' RelativeActiy^J'^fF'-'^ V'S^ 


CMV-IE 


1.0 


EFlo+Intron 


2.16 


EFla-Intron 


0.02 


HIV+Tat 


0.13 


MCT 


0.32 


MCT+Tat 


1.2 



The results shown in Table 5 indicate that the human EFIa promoter pl\is its intron 
has the strongest activity compared with all other promoters tested. Thus, the EFl a promoter 
may be used to drive the expression of therapeutic genes in tumor cells. Retroviral and 
plasmid constructs in which the EFla+intron promoter/enhancer is used to drive the 
1 5 expression of therapeutic genes is described below. 

a) Construction Of A Plasmid Expression Vector Containing 
The EFl a Enhancer/Promoter 

The human EFl a enhancer/promoter is abundantly transcribed in a very broad range 
of cell types including L929, HeLa, CHU-2 and COS cells [Uetsuki, T. et al, J. Biol. Chem., 

20 264:5791 (1989) and Mizushima, S. and Nagata, S., Nuc. Acids. Res., 18:5322 (1990)]. A 
1.442 kb fragment containing the human EFl a enhancer/promoter and a splice donor and 
acceptor from the human EFl a gene was isolated from human genomic DNA as follows. 
The 1 .442 kb fragment corresponds to map units 125 to 1 567 in the human elongation factor 
la gene (SEQ ID NO: 14). 

25 Genomic DNA was isolated from the MOU cell line (GM 08605, NIGMS Human 

Genetic Mutant Cell Repository, Camden, NJ) using standard techniques [Sambrook, J. et 
al. Molecular Cloning: A Laboratory Manual, 2nd. ed., Cold Spring Harbor Laboratory 
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Press, (1989) pp. 9. 16-9.23]. Two synthetic oligonucleotide primers were used to prime the 
polymerase chain reaction (PGR) for the isolation of the 1.442 kb fragment containing the 
human EFla enhancer/promoter. U.S. Patent Nos. 4,683,195, 4,683,202 and 4,965,188 
cover PGR methodology and are incorporated by reference. 

5 The 5' primer, designated HEFlaLS, contains the following sequence: 

5'-AAGGTTTGGAGGTAAGGGAGGAAT-3' (SEQ ID NO: 15). The HEFlaL5 primer 
generates a HindSR site at the 5' end of the 1.442 kb fragment. The 3' primer, designated 
HEFlaUB, contains the following sequence: 5'-TCTAGAGTTTTCACGA CACCTGA-3' 
(SEQ ID NO: 16). The HEFlaL3B primer generates aXba I site at the 3* end of the 1.442 

10 kb fragment. PGR conditions were as reported in Saiki, R.K. et ai, Science 239:487 (1988). 

Briefly, 10 ^g MOU genomic DNA and 1 ^M fmal concentration of each primer were used 
in a 400 jil PGR reaction. Reaction conditions were 94°G for 1 minute, 60°G for 1 minute, 
72 °G for 1.5 minutes, 30 cycles. Taq DNA polymerase was obtained fix)m Perkin-Elmer 
Getus; the reaction buffer used was that recommended by the manufacturer. The PGR 

1 5 reaction products were electrophoresed on a low melting agarose the 1 .442 kb fragment was 
gel purified and digested with /fmdm and Xbal. The HinAmiXbal fragment was then 
inserted into pSSD5 (described below) to generate pHEFlaBSDS. 

pSSD5 was constructed by digestion of the plasmid pLI [Okayama, H. and Berg, P., 
Mol. Gell. Biol., 3:280 (1983)] with Pstl and £coRI. Synthetic oligonucleotides (Operon) 

20 were ligated onto the Pstl and £coRI ends of pLI to generate the polylinker of pSSD5 (the 
SD5 polylinker). The sequences of the oligonucleotide pair used to create the polylinker are: 
SD5A 5'-TGTAGAGGGGGGGGGGAGGGGGAATTGG-3' (SEQ ID NO: 17) and SD5B 5'- 
GATGGGAATTGGGGG TGGGGGGGGGGTGTAGATGGA-3' (SEQ ID NO: 18). The 
ligation of this oligonucleotide pair into pLI destroyed the Pstl site. Following the addition 

25 of the polylinker, the plasmid was digested with Hindm and partially digested with BamHl. 

The 572 bp Hindm/BamHl fragment containing the SV40 enhancer/promoter, the 168 splice 
junction and the SD5 polylinker was isolated by electrophoresis of the digestion products on 
a low melting temperature agarose gel (SeaPlaque, FMG BioProducts, Rockland, ME). The 

S:\SH-API>SO(G-IOODI.wpd/DNB/sl 



55 



CNG-lOODl 



572 bp fragment was cut out of the gel and the agarose was removed by digestion with P- 
Agarase I (New England Biolabs) followed by isopropanol precipitation according to the 
manufacturer's directions. 

The 572 bp fragment was inserted into the plasmid pcDVl [Okayama and Berg, 
5 supra] as follows: pcDVl was digested with HinelUl and BamRl and the 2.57 kb fragment 
containing the SV40 poly A sequences and the pBR322 backbone was ligated to the 572 bp 
fragment containing the SV40 enhancer/promoter, 16S splice junction and polylinker. The 
resulting plasmid was named pSSD. 

The 671 bp BamHJJPstl fragment containing the SV40 poly A sequences (SV40 map 
10 units 2533 to 3204) was removed from SV40 DNA and cloned into pUC19 digested with 
BamlU. and Pstl. The resulting plasmid was then digested with BcH (corresponds to SV40 
map unit 2770). The ends were treated with the Klenow enzyme and dNTPs to create blunt 
ends. Unphosphorylated PvmII linkers (New England Biolabs) were ligated to the blunted 
ends and the plasmid was circularized to create pUCSSD. The SV40 poly A sequences can 
1 5 be removed from pUCSSD as a BamHUPvuU fragment. 

pSSD5 was constructed by ligating together the following three fragments: 1) the 
1873 bp SspVPvuU fragment from pUC19; this provides the plasmid backbone; 2) the 796 
bp fragment containing the SV40 enhancer/promoter and 16S splice junction and the 
polylinker from pSSD; this fragment was obtained by digestion of pSSD with Sspl and 
20 partial digestion with BamlU. followed by isolation on low melting agarose and recovery as 
described above; and 3) the 245 bp BamHUPvuU fragment from pUCSSD (this fragment 
contains the SV40 poly A sequences). The three fragments were mixed together and ligated 
using T4 DNA ligase to create pSSD5. The polylinker of pSSD5 contains the following 
restriction sites: Xbal, Notl, Sfil, SacU and EcoRl. 
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b) Construction Of pHEF-B70 

A plasmid, pHEF-B70, in which the EFla enhancer/promoter is used to drive the 
expression of the human B7-2 gene was constructed as follows. The B7-2 gene was removed 
from pLCTSNB70 (described below) by digestion with BamHl and the isolated B7-2 
5 fragment was ligated into fiamHI-digested pHEF 1 aBSDS to generate pHEF-B70. 

pLCTSNB70 was constructed by ligating the B7-2 gene released from pT7T318U- 
B7-2 (Ex. 1) by BamHl digestion into 5awHI-digested pLCTSN (ATCC No. 97802; 
Robinson et ai, supra). 

c) Construction Of pHEF-IL-12 

10 hi the plasmid pHEF-IL-12, the IL-12A and IL-12B genes are under the 

transcriptional control of the EF 1 a enhancer/promoter. 

i) Cloning Of The Human IL-12 cDNA 

RNA was isolated from activated NC37 B cells (ATCC CCL 214) and the IL-12A 
and IL-12B cDNAs were isolated by RT-PCR as described in Ex. 1. The following primers 

15 were employed for the amplification of the IL-12A cDNA: 5'-GAA 
GATCTGCGGCCGC£AC£MaTGGCCCCCTGGGTCAGC-3' (SEQ ID NO: 19; 
optimized initiation sequence underlined) and 5'-CCTCTCGAGTTAGGAAGCATTCA 
GATAGC-3' (SEQ ID NO:20). The PCR product was cloned directly into fcoRV-digested 
pBluescript KS(-) to generate pKS-IL-12A. The IL-12A coding region is provided in SEQ 

20 IDN0:21. 

The following primers were employed for the amplification of the IL-12B cDNA: 
5'-AAAGAGCTCCA££AIQTGTCACCAGCAGTTGGTC-3' (SEQ ID NO:22; optimized 
initiation sequence underlined) and 5'-AAGGATCCTAACTGCAGG GCACAGATGC-3' 
(SEQ ID NO:23). The PCR product was cloned directly into fcoRV-digested pBluescript 
25 KS(-) to generate pKS-IL-12B; the IL-12B coding region is provided in SEQ ID NO:24. 
Proper construction of both IL-12 constructs was verified by restriction enzyme digestion. 
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ii) Construction Of pLSN-IL.12 

pLSN-12 is a retroviral vector containing a IL-12A-IRES-IL-12B bi-cistron. To 
construct pLSN-IL-12, the following four fragments were gel purified: the IL-12A gene 
released from pKS-IL-12A by digestion with Clal and PspAI; the IL-12B gene released from 

5 pKS-IL-12B by digestion with Notl and Xhol; the EMCV IRES was released from pGEM- 

IRES8 by digestion with Xhol and Clal; and a pLSN vector backbone containing a PspAl site 
generated by removing the HIV vpr gene from pLSNvpr (described below) by digestion with 
Mlul and PspAl, These four fragments were combined and ligated with Notl- and MIul- 
digested pLSNvpr to generate pLSN-IL- 12. 

10 pLSNvpr was constructed by digestion of pBS-vpr with Notl and Xhol and the vpr 

gene fragment was ligated with Notl- and A%oI-digested pLSN. The vpr gene was PCR 
amplified from pNL4-.3 [Adachi et al (1986) J. Virol. 59:284] and inserted into pBluescript 
KS(-) to generate pBS-vpr. 

iii) Construction Of pHEF-IL-12 

15 To construct pHEF-IL-12, the following three fragments were isolated: the IL-12A 

gene was released from pKS-12A by digestion with Clal and PspAl; the IL-12B gene 
released from pKS-IL-12B by digestion with Notl dndXhol; the EMCV IRES was released 
from pGEM-IRES8 by digestion with Xhol and Clal. These fragments were cloned into 
Notl' and P^pAI-digested pHEFvpr. pHEFvpr was constructed by ligation of a 360 bp 

20 BamUl fragment isolated from pLSNvpr with pHEFloBSDS that had been digested with 
BamHl and treated with alkaline phosphatase. 

d) Construction Of pHEF-IL-12-GM-CSF 

pHEF-IL-12-GM-CSF contains a IL-12A-EMCV IRES-IL-12B- poliovirus IRES- 
iGM-CSF tri-cistron under the transcriptional control of the EFla enhancer/promoter. To 
25 construct pHEF-IL-12-GM-CSF, the following four fragments were gel purified: a 2373 bp 
NdeVPspPA fragment containing the IL-12B-EMCV IRES-IL-12A cistron isolated from 
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pHEF-IL12; a 1320 bp NdeVSphl fragment containing the EFla intron isolated from pHEF- 
lL-12; a 735 bp PspAl-Xhol fragment containing the poliovirus IRES from pKS-P2 (an 
equivalent DNA fragment is generated by PGR amplification of the IRES located within the 
fiirst -730 bp of the poliovirus genome [LaMonica et al (1986) J. Virol. 57:515] using 
5 primers that will generate PspPA and Xhol sites). 

e) Construction Of pHEF-GM-CSF 

pHEF-GM-CSF was derived from pHEF-IL-12-GM-CSF by complete digestion with 
Smal and partial digestion with HinoQ.. The resulting approximately 4409 bp fragment was 
gel purified and self-ligated to produce pHEF-GM-CSF. 



10 f) Construction Of pHEF-BG 

A plasmid, pHEF-BG, in which the 1.442 kb EFla enhancer/promoter is used to 
drive the expression of both the human B7-2 and GM-CSF cDNAs (a bi-cistronic construct) 
is constructed as follows. The B7-2-1RES-GM-CSF bi-cistronic fragment was removed from 
pLSN-BG9 (Ex. 1) by digestion with Notl and Baniiil and the gel purified fragment was 

1 5 inserted into Notl- and 5a/wHI-digested pHEF 1 aBSD5 to generate pHEF-BG. 

g) Construction Of The pLSN-IL-12-GM-CSF Retroviral 
Vector 

pLSN-BL- 1 2-GM-CSF provides a retroviral vector in which the MoMLV LTR is used 
to drive the expression of both the human IL-12 gene and GM-CSF cDNAs. pLSN-IL-12- 
20 GM-CSF was constructed by ligation of the following four fragments into 5amHI-digested 
pLSN-GFP: the 1489 bp MoMLV vector fragment derived from 5acn-A7>aI-digested pLSN- 
GFP; the 1680 bp IL-12B-IRES containing fragment from A7>aI-M>fl-digested pHEF-IL-12; 
the 760 bp IL-12A containing fragment from Notl-PspM digested pHEF-IL-12; and the 1252 
bp GM-CSF containing fragment from PspAl-BamlU digested pHEF-IL-1 2-GM-CSF. 
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h) Construction Of The pLCTSN-pA-BG-EF Retroviral 
Vector 

pLCTSN-pA-BG-EF contains a cistron comprising the EFla enhancer/promoter, 
B7-2 and GM-CSF cDNAs and SV40 polyadenylation signal inserted in an inverted 
5 orientation (relative to transcription from the 5' LTR). This vector was constructed by 
ligation of the following three fragments with HindSR and Sail digested pLCTSN vector: 
EFla enhancer/promoter from SaH-Notl digested pHEF, B7-2/1RES/GM-CSF cistron from 
SaR-Notl digested pLCTSN-BG, and SV40 polyA signal from BglH-HindiBl digested 
pSP72SVpA. 

1 0 pLCTSN-BG was constructed by gel-purifying the following three DNA fragments: 

the B7-2 cDNA from pLSNB70 cut with Notl-Xhol, the EMCV IRES from pGEM-IRES8 
cut with Xhol-Hin^ (Hindm partial), and the GM-CSF cDNA from PCR amplified and 
Hindm-BamHl digested DNA (Ex. 1). The purified fragment were then ligated with 
Notl-BamHl digested pLCTSN to create pLCTSN-BG. 

15 I) Construction Of The pLCT-pA-BG-EF Retroviral Vector 

pLCT-pA-BG-EF contains a cistron comprising the EFla enhancer/promoter, B7-2 
and GM-CSF cDNAs and SV40 polyadenylation signal inserted in an inverted orientation 
(relative to transcription from the 5' LTR) but lacks die the neo gene found in pLCTSN-pA- 
BG-EF vector. pLCT-pA-BG-EF was constructed by ligation of the following three 

20 fragments with HindWi-Sall digested pLCTSN: EFla enhancer/promoter from Sall-Notl 
digested pHEF, the B7-2/IRES/GM-CSF cistron from Notl-Bamm digested pLCTSN-BG, 
and the SV40 polyA signal from A^ort-Zf/ndin digested pSP72SVpA. 

pSP72SVpA was made by PCR amplification of the SV40 polyA signal from 
pBlueBac-His B (Livitrogen) with primers containing Hindni and EcdRl sites 

25 and cloned into Hindm-EcdRl digested pSP72 (Promega). 
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The plasmids described above are introduced into tumor cells, including freshly 
explanted tumor cells as well as tumor cells in a patient, using injection of naked plasmid 
DNA, liposome mediated gene transfer or through the use of a gene gun (bioUstics). The 
retroviral vectors described above are used to generate recombinant virus which is used to 
5 transduce the encoded IMGs into tumor cells (primary and established) in culture as 
described in Exs. 1 and 2. 

j) Demonstration of BiologicaUy Active GM-CSF From the GM-CSF 
Cistron 

To demonstrate that the GM-CSF cDNA sequences isolated by PGR amplification 
10 and used to generate mono- and multi-cistronic constructs are capable of expressing active 
GM-CSF, the following GM-CSF bioactivity assay was performed using the GM-CSF- 
dependent Mo7e cell line [Genetics histitute, Cambridge, MA; Avanzi et al (1990) Cellular 
Phyisol. 145:458]. 

Mo7e cells were maintained in DMEM supplemented with 10% FBS, 2 mM 
15 L-glutamine, 100 U/ml penicillin-streptomycin, and 100 U/ml GM-CSF at 37°C, 10% CO2. 

When the cells were at exponential growth phase (viability > 90%), they were washed twice 
with DMEM, and cultured for 48 hours in the absence of GM-CSF. After two days of 
GM-CSF starvation, the Mo7e cells, with around 20% viability, were washed once with 
DMEM and seeded into V-bottomed 96-well plates at 1 x 10* cells/well in a total volume of 
20 200 ]A with serial dilutions of a standard GM-CSF solution of known concentration or 
supernatant harvested from HeLa cells transfected with either pHEF-GM-CSF or pHEF- 
IL-12-GM-CSF plasmid DNA (a 1:2000 dilution of the culture supernatant was employed). 
After two days of culturing at 37°C, 10% COj, to each well, 20 ^l of MTT (3-[4,5- 
dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) (5 mg/ml in PBS) was added and 
25 the plates were incubated for another 6 hours. The purple crystals were then collected at the 
bottom the well by brief centrifugation and the supernatant was aspirated. The pellets were 
dissolved in 100 jil of acidified isopropanol. The optical density at 570 nm (OD570) of each 
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well was obtained using a microplate reader. A standard curve was constructed by plotting 
the known GM-CSF concentrations against the OD570 reading. GM-CSF concentration in 
the harvested supernatant was obtained by comparing its OD with the standard curve. The 
results are summarized in Table 7. 



5 TABLE 7 



Determination Of GM-CSF Concentration la Cell Culture Supematants Of Transfected HeLa Cells 



Samples 


GM-tSF ' . 
Bioactivhy (U/ml) : I: 


GlvirCSF Pfotdn 
:" Conteht fPwinl) 




Standard 1 


0 


0 


0.2 


Standard 2 


0.01 


1 


0.203 


Standard 3 


0.05 


5 


0.233 


Standard 4 


0.2 


20 


0.343 


Standard 5 


0.5 


50 


0.60 


Standard 6 


1 


100 


0.65 


pHEF-GM-CSF 
(1:2000) 


0.29 


29 


0.365 


pHEF-IL-12-GM-CSF 
(1:2000) 


0.03 


3 


0.235 



The results shown in Table 7 demonstrate that the PCR amplified GM-CSF 
sequences encode biologically active GM-CSF. hi addition these results demonstrate that 

20 placing the GM-CSF cistron downstream of another cistron (/.e., pHEF-IL-12-GM-CSF) 

reduces the amount of GM-CSF expressed (relative to a mono-cistronic expression vector). 
While the level of GM-CSF is reduced when G-CSF is the second or downstream cistron, 
the amount of GM-CSF produced in multi-cistronic GM-CSF construct is sufficient to 
provoke a biological response as demonstrated by the ability of tumor cells transduced with 

25 a bi-cistronic retrovirus (i.e., pLSNBG9) to induce systemic immunity against unmodified 
tumor cells (Ex. 5). 
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EXAMPLE 11 
Human Tumor And PBL 
Engraftment In SCID/beige Mice 

An in vivo hu-PBL-SCID mouse/human tumor model was established to study the 

5 combined effects of B7-2 and GM-CSF expression in human tumor cells. C.B-17 scid/scid 

mice [Boussiotis et al (1993) Proc. Natl. Acad. Sci. USA 90: 1 1059] lack both T- and B-cell 
function but do maintain normal myeloid cell, natural killer (NK) cell, macrophage and 
dendritic cell functions [Shpitz et al (1994) J. Immunol. Meth. 169:1]. To also avoid the 
NK activity of the SCID mouse, a new SCID mouse strain, SCID/bg, which has the NK cell 

10 function deleted was employed (C.B-17-scid-beige hibred, Taconic). 

To investigate the ability of SCID/bg mice to support the growth of human tumor 
cells, several established human tumor cell lines and 5 primary tumors were transplanted into 
the SCID/bg mice and the mice were monitored for tumor growth for up to 5 months. 
Primary tumors were treated as follows. Tumor samples were obtained in the operating room 

15 at the time of resection under sterile conditions. One to three grams of tumor were harvested 
for immediate processing. Fresh tumor biopsies were dissected to remove necrotic debris 
and connective tissue and were minced into 1-2 mm pieces. The pieces were then treated 
with the following enzymatic solutions in HBSS to provide cell suspensions: 

for glioblastomas: 0.025% coUagenase, 0.04% DNase and 0.05% Pronase with 

20 shaking for 30 min at SV'^C and a further 30 min at A^'C, DMEM/F12 was used as the basis 
of the growth medium for primary glioblastoma cultures; 

for hepatomas: 1 mg/ml coUagenase type IV, 300 U/ml DNase type IV and 10 ^g/ml 
gentamycin sulfate at 37X with shaking for 30 min. RMPI 1640 or DMEM/F12 was used 
as the basis of the growth medium for primary hepatoma cultures; 

25 for colon adenocarcinomas: tumors were processed by physical dissociation (cutting) 

or by enzymatic treatment using 1 mg/ml coUagenase type V, 10 jig/ml hyaluronidase type 
V, 300 U/ml DNase type IV and 10 ^g/ml gentamycin sulfate. The cells suspension was then 
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incubated at 37 °C with shaking for 60 min. DMEM was used as the basis of the growth 
medium for primary adenocarcinoma cultures. 

for melanomas: tumor cells were treated using the enzyme solution described above 
for adenocarcinomas. RPMI 1640 was used as the basis of the growth medium for primary 
5 melanoma cultures. 

The resulting cell suspensions were then filtered through a fine mesh and layered onto 
a FicoU-hypaque density gradient medium (Sigma) and centrifiiged at 400xg for 30 min at 
room temp. The cells at the interface were removed and washed twice with HBSS 
(centrifiiged at lOOxg for 10 min) and counted. The cells were then seeded into the 
10 appropriate medium [e.g., RPMI 1640, DMEM, DMEM/F12 (all available fi-om Sigma), etc. 

containing 10% FCS and antibiotics if desired] for culturing, resuspended into fireezing 
medium for storage or used directly for injection into mice or for gene transfection 
applications. 

Three to four million primary tumor cells and 2 to 6 million cells firom established 
1 5 tumor cell lines were injected SC per flank of SCID/bg mice (both flanks were injected if a 

large enough cell sample was available). The mice were monitored for the presence of 
palpable tumors. The results are summarized in Table 8. 
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TABLES 

Establishment Of Solid Human Tumors In SClDA)g Mice 



Tumor Inoculation 


No.OfCeUs 
Injected 


No. Of Mice 


Palpable Tumor 
Established (Days 
Post-Inoculation) 


Success Rate 
(%) 


Cell Lines 


Melanoma 










A375 


2-5 X 10* 


30 


5-8 


100 


SK-MEL-1 


4x10* 


12 


20-30 


100 


Hepatoma 










HepG2 


3x 10* 


5 


10-15 


100 


Breast Cancer 










MDA46g 


2-5 x 10* 


35 


5-7 


100 


MCF7 


4-6 X 10* 


7 


8-14 


100 


Glioblastoma 










D54MG 


2x 10* 


5 


5-6 


100 


Primarv Tumors 


Melanoma 










MelDD 


4x 10* 


8 


30-40 


100 


MelDJ 


3x 10* 


4 


30-40 


100 


MelTM 


3x 10* 


5 


30-40 


100 



20 The results shown in Table 8 demonstrate that the SCID/bg mice can support growth 

of the established human tumor lines very efficiently and they support the growth of primary 
tumor cells, albeit with a lower efficiency relative to the use of established tumor cell lines. 

T-cell mediated allograft rejection has been demonstrated in SCID mice (scid/scid) 
engrafted with human PBLs [Malkovska etal. (1994) Clin. Exp. Immunol. 96:158] or human 

25 splenocytes [Alegre et al. (1994) J. Immunol. 153:2738]. However, the SCID/bg mouse 
strain has not previously been used in hu-PBL reconstitution studies. To determine whether 
the SCID^g mouse could be reconstituted with human PBLs to provide an animal model for 
in vivo cancer gene therapy, SICD/bg mice were reconstituted with human PBLs by injecting 
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2 X 10^ freshly isolated human PBLs into the peritoneal cavity. After 4-8 weeks, the 
PBL-injected mice were sacrificed and cells harvested fi-om the peritoneal cavity, spleen, and 
peripheral blood were analyzed by FACS using antibodies against mouse or human cell 
markers. Isotype-matched mouse Igs were used for control staining. The results are 
5 summarized in Table 9. The following antibodies were used in these experiments: human 
markers: anti-CD45 (anti-HLe-1, Becton Dickinson), anti-CD3 (Leu-4, Becton Dickinson), 
anti-CD4 (Becton Dickinson), anti-CD8 (Becton Dickinson) and mouse marker: anti-mouse- 
H-2K^ (Pharmingen). 



TABLE 9 





%HumanGD45 f v" 


Spleen 


1-59% 


PBL 


0.1-17% 


Peritoneal Cavity 


5-69% 



The results shown in Table 9 demonstrate that SCID/bg mice were efficiently 
reconstituted with human lymphocytes, with CD45+ human cells constituting up to -60 % 

15 of splenocytes, up to 17% of PBLs and up to -70% of cells obtained by peritoneal lavage in 
the reconstituted mice. 

The percentage of different human lymphocyte subsets in the CD45+ population 
present in the reconstituted SCIDA)g mice was examined by FACS as follows. SCID/bg 
mice were reconstituted with PBLs isolated firom three healthy human donors as described 

20 in Ex. 3. After 4-8 weeks, the PBL-injected mice were sacrificed and lymphoid organs, 
PBLs and peritoneal exudates were harvested and were analyzed by FACS. The percentage 
of T lymphocyte subsets was also determined within the CD45H- population in the peripheral 
blood ofhuman donors A and B. The following markers were examined: CD45RO (anti- 
CD45RO, Becton Dickinson), CD45RA (anti-CD45RA, Becton Dickinson), HLA-DR 

25 (MG2600, Caltag), CD4 and CD8. The results are summarized in Table 10. In Table 10, the 
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following abbreviations are used: RA+ (CD45RA positive); R0+ (CD45RO positive); 
RO+DR+ (CD45RO and HLA-DR positive). 



TABLE 10 

Percentage Of T Lymphocyte Subsets In The CD45+ Population In Hu-PBL-SCED/bg Mice 



Donor/Mouse 


CD4+ 


GD8+ 


CD4+8+ 


RO+ 


^■"■RA+V."^- 




Donor A 


53 


23 


1.5 


58 


37 


9.9 


SCID/bg-A 


72 


42 


17 


99 


1 


67 


Donor B 


63 


25 


1.6 


58 


37 


9.4 


SCID/bg-B 


41 


48 


12 


92 


8 


67 


SCID/bg-C 


51 


44 


21 


76 


24 


35 



The results shown in Table 10 demonstrate that the peripheral blood of the Hu-PBL- 
SCDD/bg mice contain high numbers of immature or progenitor T cells (z.e., CD4+8+ cells 
and CD45RA+ cells). These results are in contrast to the results obtained by reconstitution 
of C.B-l7scid/scid mice (Hu-PBL-SCID). In human PBL-reconstituted C.B-17 scid/scid 

1 5 mice most human lymphocytes exhibit activated cell phenotypes (HLA-DR+ and GD25+ or 
CD69+) soon after reconstitution, and almost all (>99%) human T cells exhibit mature 
memory phenotypes (CD45RCH-) in a state of reversible anergy [Rizza et al (1996), supra\ 
Tarry-Lehmann and Saxon, supra; Tarry-Lehmann et a/., supra]. Therefore, the lack of 
sufficient numbers of immature naive T cells after reconstitution renders the Hu-PBL-SCID 

20 model unsuitable for the evaluation of anti-tumor immunity. In contrast, the Hu-PBL- 
SCID/bg mice show evident levels of CD45RA+ and CD4+8+ cells 4-6 weeks after 
reconstitution. Thus, the Hu-PBL-SCID/bg mice of the present invention provide a suitable 
model for the evaluation of anti-tumor inununity. 
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EXAMPLE 12 
Autologous Hu-PBL-SCID/bg/Human Tumor Model 

To provide an autologous Hu-PBL-SCID/bg/human tumor model, primary human 
tumor cells are prepared and injected SC into the flanks of SCED/bg mice as described in Ex. 
11. The primary tumor cells are first transduced with vectors encoding one or more 
therapeutic proteins (e.g., B7-2, GM-CSF, IL-12A, n.-l2B, etc.) and mice are injected with 
the transduced tumor cells (after selection) as well as non-transduced tumor cells. Once 
palpable tumors are established (1-2 months), the mice are reconstituted with autologous 
PBLs (z.e., PBLs isolated from the same patient that provided the tumor cells). For each 
tumor, a minimum of 10 SCID/bg mice are injected with tumor cells and the rate of 
establishment of palpable tumors is determined. Tumors that grow with a success rate of 
>40% in the injected mice will receive autologous PBLs and 1 week later will receive IMG- 
transduced tumor cells. The tumor size (mm^) is measured every 3-4 days and the mice are 
monitored for survival. These mice are used to determine which combinations of therapeutic 
or immune-modulating genes (IMGs) resuU in the regression of tumor size and prolonged 
mouse survival. 

Mice from each group are sacrificed at various intervals and spleen cells and draining 
lymph node cells are assayed for immune reactivity (/.e, anti-tumor cellular inmiunity) (e.g., 
^*Cr release assays, proliferation and cytokine production) to determine whether any of the 
assays of immune reactivity correlate with observed tumor rejection. 

Proliferation Assays And In Vitro Priming 

Splenocytes and lymph node cells isolated from the reconstituted mice are co- 
cultured with lethally irradiated tumor cells transduced with IMGs for various lengths of time 
(minimum of 5 days) and assayed for proliferation by pulsing the cultures with ^H-thymidine, 
25 e.g., on day 4 of culture and determining ^H-thymidine incorporation into cellular DNA 18- 
24 hr later. 
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Responding lymphocytes may be restimulated repeatedly (weekly) with untransduced 
or transduced tumor cells to increase the frequency of T cell precursors specific to the tumor. 
The tumor-responsive immune cells are then transferred into mice carrying the parental 
tumor to determine if in vitro priming generates cells which can cause tumor regression. 

S Cytokine Production 

Interferon y (IFN7), tumor necrosis factor a (TNFa), and IL-2 are cytokines 
associated with cell-mediated inmiune responses that direct the expansion and activation of 
NK cells and lymphokine activated killer (LAK) cells and the expansion of CD8+ CTL. 
Such effector cells are likely to have particular relevance to the elimination of tumors since 

10 animals lacking these effector cell types do not efficiently eliminate tumors or metastases 
[Whiteside et al (1994) Clin. Immunother. 1 :56]. 

Lymphocytes isolated from the PBL and tumor reconstituted mice are co-cultured 
with autologous untransduced or mock-transduced and IMG expressing tumor cells are 
assayed for the production of cytokines associated with cell-mediated immunity. Secretion 

1 5 of IFNy, TNFa and IL-2 into the culture supematants at various times during co-culture are 

assayed by sandwich ELISA [Sad et al (1995) Immimity 2:271]. 

In Vitro CTL Assay 

Viable cells are harvested and enumerated from co-cultures of lymphocytes with 
autologous tumor cells (mock transduced or expressing IMGs) after 5 days of culture or after 

20 multiple weekly stimulations (as described above). Untransduced autologous tumor cells are 
labelled with ^^NaChromate and standard 5 hour ^*Cr-release assays are performed. Lysis of 
autologous and allogenic tumor targets are compared to the original stimulating cells. Lysis 
of tumor cells matching those used as the original stimulus, but not of other tumor cells, 
indicates the lysis is likely antigen specific. Proof of antigen specific lysis is made by the 

25 ability to block lysis using antibodies to class I MHC molecules and the ability to eliminate 
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the effector cell responsible for lysis through the use of anti-CD8 and complement, non- 
MHC restricted lysis may indicate the induction of LAK cells. 



In Vitro NK/LAK Assay 

Some tumor cells escape imimune T cell recognition and elimination in vivo by down- 
5 regulating the expression of MHC molecules, particularly class I MHC proteins [Rivoltini 
et al (1995) Cancer Res. 55:3 149]. However, unlike CD8+ CTL, fresh NK cells and IL-2 
expanded NK cells (LAK) do not require MHC molecules for their recognition and lysis of 
target cells [Lanier and Phillips (1988) ISI Atlas of Science, pp. 15-29]. NK/LAK cells may 
therefore serve to eliminate cells expressing altered or reduced levels of class 1 molecules 
10 that normally escape CD8+ T cell surveillance. 

Five hour ^'Cr release assays are used to determine which primary (or established) 
tumors are NK sensitive. Co-culture of autologous PBLs or immune cells isolated from PBL 
and tumor reconstituted SCID/bg mice are conducted using mock transduced or IMG 
expressing tumors to determine whether this results in augmented NK/LAK (non MHC) 
1 5 restricted cytolytic activity that includes the stimulating tumor target if initially observed, or 
the induction of substantial NK/LAK activity when none was present (against the tumor 
target) in the initial assay. 

EXAMPLE 13 

Delivery Of hmnune-Modulating Genes To H\unan Timiors 

20 Immune-modulating genes may be delivered to human tumor cells in vivo and ex vivo 

by a variety of means. 

a) Retroviral Transduction 

Retroviral vectors encoding immune-modulating proteins may be used to introduce 
IMGs into established or primary tumor cells as described in Exs. 2, 6 and 7. The transfer 
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of IMGs using retroviruses may be made more efficient by increasing the titer of the vims 
encoding the IMG(s) and increasing the transduction efficiency. To increase the virus titer, 
single cell clones from the producer PA317 cells are be selected by growth in the presence 
of 0418 (or selective medium suitable for the selectable marker carried on the retroviral 

5 constmct) and clones producing the highest titers of virus are be expanded. To increase the 
titer of the producer cell line further, the PA3 17 cells can be reinfected with ecotropic virus 
[e.g., viras produced in GPE-86 packaging cells] and the best producer cell clones can be 
selected. To improve the transduction efficiency, retrovirus are used in combination with 
liposomes or poly-L-omithine or polylysine to enhance vims uptake. 

10 Another way to improve gene transfer efficiency using retrovimses is to increase the 

targeting efficiency. Many tumor cells including glioblastomas and melanomas express 
excess levels of the transferrin receptor. Transferrin has been used to increase the 
transduction efficiency of adenoviras in combination with polylysine [Lozier et al (1994) 
Human Gene Ther. 5:313]. Several recent reports demonstrated that replacing the SU 

1 5 (surface) domain of the env gene of a retrovirus can increase receptor-mediated transduction 
efficiency [Kasahara et al (1994) Science 266:1373; Cosset et al (1995) J. Virol. 69:6314; 
Dong et al (1992) J. Virol. 66:7374; and Chu and Domburg (1995) J. Virol. 69:2659]. The 
human transferrin gene is 2097 bp long (coding region provided in SEQ ID NO:25). 
Insertion of such a long sequence into the SU domain of the env gene of MLV vector may 

20 not produce a stable Env product. However, earlier studies have suggested that the modified 
Env fusion protein requires the native Env for stable assembly and eflRcient entry. Thus, the 
transferrin-env fusion gene is co-transfected with the native env gene to produce retrovims 
particle bearing a mixture of wild type and recombinant Env. The gene transfer efficiency 
of the new vector is examined by transducing glioblastomas or melanomas expressing high 

25 levels of transferrin receptor. 
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b) Recombinant Adenoviral Vectors 

Recombinant adenoviruses can accommodate relatively large segments of foreign 
DNA (-7 kb), and have the advantage of a broad host cell range and high titer vims production 
[Graham and Prevec (1991) Meth. Mol. Biol. 7:109-128]. Adenoviruses have been used in 

5 vivo in rats to efficiently deliver genes to the liver and the pancreatic islets [reviewed in Becker 

et al (1994) In Protein Expression in Animal Cells, Roth et al eds.] and to the central nervous 
system [Davidson et al (1993) Nature Genet. 3:219]. Rat livers have also been efficiently 
transduced ex vivo and then re-implanted [Shaked et ai (1994) Transplantation 57:1508]. 
The replication defective recombinant adenoviruses are employed; these viruses contain 

10 a deletion of the key inmiediate early genes El a and Elb (Graham and Prevec, supra). To 

generate and propagate recombinant viruses, a packaging cell line such as 293 cells which 
supply the El a and E2a proteins in trans is employed. Recombinant adenoviruses are created 
by making use of intracellular recombination between a much larger plasmid encoding most 
of the viral genome and a small plasmid containing the gene of interest (eg., a cytokine) bracketed 

15 by regions of homology with the viral integration site. Recombinant adenoviruses expressing 
mouse IL-4 and IL-IO, both under the control of a CMV immediate early enhancer promoter, 
have been constructed. Recombinant adenoviruses expressing human B7-2 and GM-CSF 
as well as a second virus expressing both the IL-12A and IL-12B subxmits are constructed. 
The DNA constructs are cloned as bi-cistronic units with IRES as described in Ex. 1. 

20 Standard methods are used to construct the recombinant adenoviruses (Graham and 

Prevec, supra and Becker et al, supra). Briefly, each plasmid is co-transfected together with 
pJMl7 (Microbix Systems, Toronto) into sub-confluent monolayers of 293 cells (ATCC CRL 
1573) using calcium phosphate precipitation and a glycerol shock. Initial recombinant viral 
stocks are titered on monolayers of 293 cells, and isolated single plaques are obtained and 

25 tested for cytokine expression using an ELIS A. Viral stocks are amplified and titered on 293 
cells, and stored in aliquots at -70°C; if necessary, stocks are concentrated by centrifiigation 
on density gradients. To infect tumor cells with recombinant adenoviruses, freshly isolated 
tumor cells are mixed with adenoviral stocks in a minimal volxmie. Titers of stocks are typically 
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lO^-lO'/ml. Medium is replaced after several hours and the cells are followed for expression 
of the recombinant adenoviral-encoded MGs and/or reporter genes. 

A potential drawback of using a adenoviral delivery system is that the transduced cells 
may retain or express small quantities of adenoviral antigens on their surfece [Yang et al (1994) 

5 Nature Genet. 7:362]. "Second generation" adenoviral vectors which contain deletions in 
the E2a gene are available and are associated with less inflammation in the recipient and a 
longer period of expression of the gene of interest [Yang et al, supra and Engelhardt et al. 
(1994) Proc. Natl. Acad. Sci. USA 91:6196]. If necessary, IMGs are inserted into second generation 
adenoviral vectors. However, since the transduced tumor cells are lethally irradiated before 

10 injection into the recipient and since other manipulations are undertaken to induce the tumor 
cells to secrete immune-stimulating cytokines and to express surface signalling molecules, 
the expression of small quantities of adenoviral proteins (when first generation vectors are 
employed) may provide a desirable adjuvant effect. Furthermore, the recipient is subsequently 
boosted wi A retrovirally transduced tumor cells (which express tiie cytokines and tumor antigens, 

1 5 but not the adenoviral antigens). The recipient is monitored for tumor-specific immune responses 
at a secondary distant site where non-transduced mmor is implanted; the generation of such 
a response indicates that the desired tumor-specific immunity has been achieved, 

c) Targeted Cationic Liposomes 

Cationic liposomes have proven to be a safe and effective means for inducing Ihe transient 
20 expression of DNA in target cells [Ledley (1995) Human Gene Ther. 6: 1 129; Feigner (1990) 
Adv. Drug Delivery Rev. 5:167; Feigner et al. (1987) Proc. Natl. Acad. Sci. USA 84:7413; 
and Smith et al. (1 993) Biochim. Biophys. Acta 1 1 54:327]. Clinical trails are underway using 
cationic liposomes to introduce the CFTR gene into the lungs of cystic fibrosis patients [Caplen 
etal (1994) Gene Ther. 1:139 and Alton era/. (1993) Nature Genet. 5:135] or to introduce, 
25 by direct intra-tumor injection, the T cell costimulator B7-1 into malignant melanoma lesions 
in order to induce a cell-mediated immune response [Nabel et al. (1993) Proc. Natl. Acad. 
Sci. USA 90: 11307]. 
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Cationic liposomes (e.g., DOTAP/DOPE) and ligand-targeted cationic liposomes are 
employed for the delivery of IMGs to tumor cells. Ligand-targeted liposomes are made by 
covalently attadiing ligands or antTxxlies to the suifece of the cationic liposome. When glioblastoma 
cells are to be targeted, transferrin is used as the ligand as glioblastoma cells express high levels 

5 of the transferrin receptor on their surface. When melanoma cells are to be targeted, internalizing 
receptors, monoclonal antibodies directed against melanoma-specific surface antigens (e.g., 
mAb HMSA5) are employed as the ligand. 

Plasmid DNA encoding IMGs (e.g., B7-2, GM-CSF and IL-12) is foraied into a complex 
with preformed cationic liposomes using standard methodology or alternatively the DNA is 

10 encapsulated into the liposome interior. The DNA-containing liposomes are then used to transfer 
the DNA to tumor cells in vivo by direct intra-tumor injection or in vitro (using freshly explanted 
tumor cells) followed by return of the transduced cells to the recipient (e.g., a patient). 



d) Gene Transfer Using Biolistics 

Biolistics (microballistics) is a method of delivery DNA into cells by projection of 
15 DNA-coated particles into cells or tissues. DNA is coated onto the surface of tiny (-1-3 ^im 
diameter) gold or tungsten micioparticles and these particles are accelerated to high velocity 
and are impacted onto the target cells. The particles burst through the cell membrane and lodge 
within the target cell. The cell membrane quickly reseals and the passenger DNA elutes off 
of the particle and is expressed. The biolistic method has been used to transfect mammalian 
20 cells [Williams et al. (1991) Proc. Natl. Acad. Sci. USA 88:2726; Tang et al. (1992) Nature 
356:152; Sanford et al. (1993) Methods Enzymol. 217:483]. 

A hand-held biolistic apparatus (BioRad) is used to transfer DNA into tumor cells or 
isolatedtumorfiagments. Thisdeviceusesconipressedhehumtodriveadiso-shapednMcroprojectile 
which carries on its surface microparticles of gold (1-5 ^m) of gold which have been coated 
25 v^^thpurifiedplasmidDNA(copredpitatedwilhspeimine)(WilUanKe<a/..5M/7^^^ Thisapparatus 
has been used to successfully transfect primary tissues. 
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Plasmid DNA encoding the IMGs is coated onto the surface of gold microparticles 
according to the manufacturer's instructions (BioRad) and the biolistic apparatus is used to 
transfer the DNA into fieshly explanted tumor cells or directly into exposed tumors (eg., metastatic 
nodules on the sxirface of the liver, melanoma lesions on the skin). 

5 It is clear from the above that the present invention provides effective means to increase 

the immunogenicity of human tumor cells as well as humanized animal models predictive 
of human anti-tumor responses. 

All publications and patents mentioned in the above specification are herein incorporated 
by reference. Various modifications and variations of the described method and system of 

10 the invention will be apparent to those skilled in the art without departing from the scope and 
spirit of the invention. Although the invention has been described in connection with specific 
preferred embodiments, it should be understood that the invention as claimed should not be 
unduly limited to such specific embodiments. Indeed, various modifications of the described 
modes for carrying out the invention which are obvious to those skilled in molecular biology 

15 or related fields are intended to be within the scope of the following claims. 
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